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Original Communications 


THE INFERIOR ESOPHAGEAL CONSTRICTOR IN RELATION TO 
LOTkTSR ESOPIL\GEAL DISEASE 

Earle B. Kcy, 

Cleveland, Ohio 

I T IS interesting to note the lack of definite information and the conflicting 
opinions relative to the anatomy and physiology of the esophagus and to the 
pathogenesis of esophageal diseases such as the Plummer-Yinson sjTidrome, 
esophagospasm, achalasia or mega-esophagus, pulsion diverticula, and idio¬ 
pathic strictures. This lack of knowledge results from the inability either to 
produce such conditions experimentally or at least to correlate experimental 
and clinical findings. It is also difficult or impossible to deduce the genesis of 
pathologic conditions from gross and microscopic findings of weU-esteblished 
chronic lesions. It is also difficult or impossible to determine whether such 
findinp may be primary mid part of the etiology or entirely secondary mani¬ 
festations. In i-iew of this situation ohservatioiis relative to these conditions 
should be presented by those interested in this field in an attempt to heln 
clarify our understanding and perhaps help as an eventual aid in theranv 
The esopha^s has a well-developed outer longitudinal muscle laver and 
a less ,vaU.aevalopea mmcle laver. The 

from tte cmoid cavtilage aud cncopharvegeus muscle above to insert 

in an mterlacing manner into the middle and outer muscle lav^r^ JT T 

The inner muscle layer commences iu the upper end indPT^' i cardia. 

groups of muscle fibers. The arrangem^f of tW 

different segments of the esophagus. Thev ran in an ellim' ] 

both sides of the esophagus and downward in' th ^ ^rectmn around 

circular for a small segment in the middle tliird ? 

in an e lliptical course in a doumward direction'tliey again nm 

Read at the Thirty-second Annual m Posterior, aspect, 
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I’esiTlt of reduction or degeneration of Auerbach’s plexus noted in many pa¬ 
tients with mega-esophagus. The sphincterlike action in the terminal esopha¬ 
gus of patients with mega-esophagus can be demonstrated fiuoroscopieally to 
dilate itnder the influence of amyl nitrite and ergotamine. The dilating action 
of amyl nitrite on the sphincterlike mechanism of the hypertrophied circular 
muscle in the terminal esophagus has also been observed in some cases of 
achalasia at the time of surgical dissection.® 


£. 



c. 


Fig. 1.—A, Esophagram of a patient tvith achalasia n 
the point of obstruction approximately 1 inch above the carrtia demonstrating 

esophageal constrictor. B, Surgical exposure of achalasia of the infer^f 

site of inferior esophageal constrictor in its contracted smte ^ esophagus denions“ati^| the 
inferior esophageal constrictor. •aciea state. C, Surgical dissection of the 


y o± the circular layer of the so callerl • f The 

stricter in patients with mega-esophacrus fay . ™erior esophageal con¬ 
found elsewhere. The hnmrtrophied muscular K^-pertrophr 

been found in all fifteen patients with achalasia nn ®P^“eter has 

years during which time a search for this con.tlt ‘ last two 

performed. Prior to this time a Heinete-MM I „ K ‘ 

“ "iRmeveardioplastj.p.a; 
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The etiology of pulsion diyerticula of the lower thoracic esophagus has 
never been satisfactorily given. Most authors have alleged that there is a 
congenital weakness of the esophageal musculature or that there is a weakness 


A. 
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distal 
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muscle; whereas, above the stenosis produced by the carcinoma there was 
generalized hypertrophy of both the circular and longitudinal layers to the 
same degree. The carcinomas in these cases were probably secondary to 
chronic irritation due to the diverticula. Microscopic examination of nerve 
fibers and the ganglion cells of Auerbach’s plexus failed to show evidence of 
nerve degeneration in these two patients. 

In the last case, a 77-year-old man A\ith a history of dysphagia of twenty 
years duration, emdence of mega-esophagus and a pulsion diverticulum were 
both present. In addition to this there was a bilateral chronic pneumonitis 
due to many years of regurgitation and bronchial aspiration. Swallowing had 



ence of both a largo p 

Esophagrams obtained prior to surgem- (FW 6 (Fig. 6, A). 

lum to be so large as to overshadow eomplete^v d™icu- 

graphicaUy hut the markedlv dilated esophamr;^ “ega-esophagus radio- 
At the time of the operative disreeSn^p fluoroscopicaUy. 

lopbed circular muscle band was noted iust "v i "" “^^iFedly hyper- 
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at home in order for him to gain weight and strength. After four days of tlus 
mgorons feeding policy he suddenly developed pain in the right chest and was 
readmitted to the hospital. He was found to have a right empyema secondary 
to esophageal perforation. He soon developed cardiac failure and expiied. 
Post-mortem examination of the esophagus revealed a pei-foration of the 
suture line. Just distal to the perforation the inner circular muscle was found 
to he considerably more hypertrophied than that upon the proximal side as 
demonstrated in Fig. 7, B. It was felt that the constricting element of the 
hypertrophied imier circular muscle in the lower esophagus responsible for both 
the achalasia and the pulsion diverticulvun had been incompletely removed at the 
time of the esophagectomy and was still causing sufficient functional .stenosis to 
be responsible for the subsequent perforation at the anastomosis. 



B. 

excepffn dilatation 

.amo patient fourteen years !Ster of^ 

In view of these obseiwations it is felt that functional stenosis in the distal 
esophagi from a hypertrophied inferior esophageal constrictor causes in 
creased mtraesophageal pressure and herniation of the mucous membrane 
thiough weak areas in the inner muscle layer to form pulsion diverticula The 
cause of the hypertrophied inferior esophao-eal coustriotm- i<= cfii 11 ® 

but probablv vdnted to one ef the theories preZJSnl L et PfoWen.at.eal 
sj-n.pathet.c control as (lisei.ssed pre.-iouslr in tins paper ^ ance of 

The next and last group that mav liave a siToiia.. +• i 
in the distal esophagus occurring in the oldeTa<lp 
patients may or may'not fall into this groum " tL" 
pa..».s rtth hiatal hernias rrho .a/hareta 
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esophageal constrictor ligament aris from the 

hiatixs, atrd " " sitl of the inferior esophageal constrictor or sphincter. 

lower esophagns at the longitiiclinal muscle of the esophagus 

!ud inlreZ the esophagus from pulling the stomach mto the chest duvmg 
swalloAving. 



A. s. 

Fig. S,— A, Esophagram demonstrating an esophageal stricture secondarj* to a hiatal 
hernia. The atrophic diaphragmaticoesophageal ligament allon's the stomach to herniate into 
the mediastinum and a hypotonic inferior esophageal contractor ano\N*s regurgitation of gastric 
juice with secondarj' peptic esopJiagitis. Esophagram following treatment by bouginage 
and ulcer management. 


Thei'e appears to he an intei-relationship between the diaphragmatico- 
esophageal ligament and the inferior esophageal constrictor in reference to 
the opening-closing mechanism of the terminal esophagus. Normal individuals 
can obstruct the flow of barium in the terminal esophagus by taking a deep 
inspiration at which time the ascending limb of the diaphragsnaticoesophageal 
ligament becomes taut. This can be demonstrated to a greater de<^ree in 
patients with achalasia. Furthermoi'e the iJiferior esophageal sphincter in 
patients Avith achalasia appeai-s to be hyiiertrophied. 

Opposed to the findings present in achalasia, the relaxed or atrophic 
diaphrngmatieoesopbageal ligament present in Matal hernias allows the 
stomach to herniate into the posterior mediastinum, and the hypotonic in 
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TiiK .TOfitNAt, or TJioKAcic srKc.riiv 


ivviof t‘soi})i!i{'o:i\ consti-irtor .■ilIo«-.s rciriifiritnticin of ^Mstric juice witii 
secondary ])ci)tic csopliajritis (I-’iu'. 8,), If the cso])liat;itis pei'sists, secondary 
scarrinu and stricture formation in the terminal (‘Soplia^Mis develop. Further¬ 
more. permanent shortening of the e.sophatrus may occur with loss of the slid¬ 
ing' action of the hiatal hernia. This .syndrome is frequently referred to ns a 
<'onuo'nital short esophagus with thoracic stomach. The latter condition does 
occur hut its incidence is not as <rreaf. 
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development of tlie stricture. Esophagitis can frequently be seen by esopbago- 
scopic examination. 

The third type includes those patients who develop difficulty in swallow¬ 
ing and who do not have pre-existent esophageal or gastric complaints. ^ These 
patients are usually older and have emdence of other degenerative diseases. 
In such patients it is possible that the organic stricture may be secondary to 
esophagitis produced by stasis resulting from functional obstruction by a 
hypertrophied inferior esophageal constrictor (Fig. 9). ilost of these 
patients can be relieved by medical management including an ulcer diet, 
other bulfers, and esophageal dilatation so that further observations from 
surgical dissections are lacking. The periesophageal fibrosis and mural scar¬ 
ring present in those patients requiring surgical resection of the stricture mask 
any possible etiological factors. 

SVSMAIARX 

Obsei-vations are presented which suggest that either spasm or hypertrophy 
of the inferior esophageal constrictor may cause functional stenosis and be a 
factor in the production of functional dysphagia, the Plummer-Vinson smidrome, 
esophagospasm, achalasia, pulsion diverticula of the thoracic esophagus, and 
idiopathic strictures of the terminal esophagus. The etiology of this spasm or 
In-pertrophy is not clear but undoubtedly is similar to spasm of circular muscle 
in other smooth muscle sphincters in tlie bod.v. There is both experimental and 
clinical evidence to suggest that this spasm and hypertrophy result from a pre¬ 
ponderance of sj-mpathetie control. Possible causation of this sjnnpathetic im¬ 
balance is discussed. 
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DISCUSSIOX 


EE. I. DABIK PEPPEL, Columbus, Ohio.—I think we should all congratulate Er Kav 
the achalasia and other diseases of the lower end of 

knowledge of the etiology and the treat¬ 
ment of thm group of diseases, particularlv achalasia. We know that unr^nli 1 
.wallowing depends to a great extent up^n perM 

luminal contents of the esophagus into the stomach \t Hmc -p ^ 

on farms know that in childhood we were able to di4k'uphill from a 

upward esophageal swallowing was dependent almost entLlr upon nerirtaU ° 

the esophageal musculature. Hurst, in ]iis important studies and ^ toovement of 

Uvo decades in the early part of this century, emphasized tha^mralall^r^i^f^^J 
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localized to the cardiac end of the esophagus. It was common opinion tliat peristalsis occurred 
normalH in. mega-esophagus but that it was ineffective in deglutition because the bolus of 
food uas not large enough to be grasped by the hugely dilated esophagus. However, in recent 
jears, many investigators have been convinced that this disease is much more generalized, in¬ 
volving much more of the esophagus than was heretofore realized. "We, for instance, published 
a paper in the Journal of Thoracic Surgery a few years ago, in which we emphasized that 
in four cases of achalasia there was a definite involvement of tlie whole esophagus in functional 
disturbances. Hot only tlie smooth but also tlic striated musculature of tlie esopliagus was 
involved in tliese disturbances. These pliysiologic abnormalities were not necessarily greatlv 
clianged by relief of the obstruction at the cardia. Usmg inflated balloons at various levels 
of the esophagus which acted as boluses of food to stimulate the esopliagus to movement, and 
recording the movements on a long kymograph, we found the intrinsic motilit}' of tlie wliole 
neuromuscular esopliagus in aclialasia to be irregular, uncoordinated, hyporesponsive to 
stimuli, and never completely effective. In fact, the intrinsic motilitj- was completely absent 
in some cases. Kramer and Inglefinger, of Boston, are the only men to our knowledge who 
have done similar studies. It was interesting that they, publishing their work almost one year 
after we had submitted our paper for publication in the Journal, independently confirmed 
that portion of our research in which they were interested. 

M’e now have similarly studied eight additional eases of achalasia. We know from these 
experiences that every so-called idiopathic mega-esophagus shows a profound change of vary¬ 
ing degree of the intrinsic motility with little or no production of peristalsis and great de¬ 
crease in the power of deglutition. Usually in the fusiform type wo found slight disturbances, 
in the flask type moderate disturbances, and in the sigmoid or zig-zag type, which we feel 
is the far-advanced type of mega-esophagus, we have found none or little intrinsic motility. 
Barrett has recently written that he has never seen the fusiform transform into the sigmoid 
typo of mega-esophagus. Yet I have available roentgenograms of barium swallow studies of 
one patient over a period of fourteen yeare. These revealed a fusiform mega-esophagus in 
1937 which transformed to a sigmoid type by 1951. I did an esophagogastrostomy, bilateral 
vagotomy, and a posterior gastrojejunostomy for this patient and she is now well. 

In two eases of uncomplicated supradiaphragmatic diverticula of the esophagus, as 
proved on excision at surgeiy, we were not able to elicit preoperatively or postoperatively dis¬ 
turbances of the esophagus proximal to the diverticulum. We feel that the two diseases, 
physiopathologieally speaking, are different in nature. 

When we administered a sjunpathicolytic drug such as Priscoline or a parasjTnpathomi- 
metic drug such as Urecoline alone or in combination, we found that the mcga-csopliagus 
lumen usually reduced in size and some increase in the rate of emptying of the esophageal 
contents occurred. Tracing studies showed frequently marked increase in tonus, frequency, 
and power of contractures of the esophageal musculature. And yet these drugs were dis¬ 
appointing in their therapeutic value for the reason that almost .always the vigorous move¬ 
ments still remained localized, pathologic, uncoordinated, and nonperistaltic in nature. They 
merely led to an increased kneading or churning effect so that the power of esophageal de¬ 
glutition was usually not appreciably enhanced, thus differing from the effects of these drugs 
on the hypomotility of the atropinized normal esophagus. 

Our data indicate there is a marked disturbance of the physiology of the whole esophag¬ 
eal neuromuseulaturc. They indicate that our present modes of treatment cannot entirely 
relieve the abnormal physiology and that other better concepts will have to be sought. All 
present methods of treatment have their disadvantage.^ and failures. Wo now routinely do 
preoperative overnight twelve-hour gastric secretion and histamine gastric analysis studies. 
For those patients who show free hydrochloric acid we have used Banthine, and have done 
bilateral %-agotoray together with a gmstrojejunostomy or a partial gastric sympathectomy be¬ 
sides relieving the esophagogastric obstruction, and have noted remarkable improvement in 
end results in certain cases. Esophagitis did not occur in two cases maintained achlorhydric 
postoperatively. Achalasia of the esophagus is a progre.'sive disease and, on the whole, better 
therapeutic end rcsidts m.ay be expected if the diagnosis is made early and treatment is 
imstituted early in the course of this dise.a.=e. 
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DE. J. ttath, POPPE, Portland, Ore.—I would like to take tliis opportunity to mention 
one metkod of treating epipkrenie diverticula wlucli sliould not be used. I refer to my own 
experience with two cases of large epiphrenie diverticula associated with esophagitis, diverticu¬ 
litis, stricture, and spasm of the lower esophagus and cardia. In each of these two patients 
a very simple method was used, anastomosing the fundus of the stomach to the bottom of the 
diverticulum, a relatively simple procedure which can be done readily, relieving the diverticu¬ 
litis. This anastomosis worked well for a period of approximately eight months in one case, 
at which time the suture line apparently opened and a fistula occurred between the diverticu¬ 
lum and the pericardial sac. IVe drained that by a large pericardiotomy and the food came 
out through the pericardiotomy opening in the anterior chest for a few weeks. The fistula 
gradually closed by an obliterative pericarditis. The patient unfortunately expired from an 
infarction in the rigid lung a few weeks later. 

The other patient did much better than that. Swallowing was satisfactory for about 
three years, at which time he also developed a fistula and began to cough up food, I under¬ 
stand tins required a lobectomy and resection of the lower csopliagus. A radical resection of 
the lower esopliagus including tlie diverticulum and stricture should Iiave been done in the 
first place to remove the infected diverticulum and obstruction of tbe lower esophagus in each 
case. 

DE. J. L. EHEENHAFT, Iowa City.—We have recently been interested in tliis particu¬ 
lar problem, and at the present time there arc functional motion studies being carried on bv 
Dr. Taber in our hospital which are rather interesting. Dp to tlie present tin)e all the studies 
have been done by single balloons placed in the esophagus. Dr. Taber has inserted three 
balloons at different levels, hypophaiynx, mid-esophagus, and lower esophagus, wliicli nre 
swallowed, and they are connected simultaneonsly to very sensitive kvmographs. We liave 
studied about six or seven patients with achalasia up to the present time. Tliis being a 
functional disease which is certainly progressive, we see these patients quite late. The tone 
and the peristalsis of the muscles are greatly decreased. We recently had a patient who was 
being treated for another condition, whom we used as a control for a normal esophagus. At 
the time the balloons were swaUowed and the motion studies were done, there was complete 
absence of contraction of tiie esophageal musculature. Esophagrams sliowed a dEated 
esophagus with cardiospasm. 



EXPERIENCES WITH THE OPERATIVE MANAGEMENT OP DELAYED 
RESTORATION OF ALIMENTARY CONTINUITY IN CHILDREN 
ORIGINALLY TREATED BY THE MULTIPLE STAGE 
PROCEDURE FOR CORRECTION OP CONGENITAL 
TRACHEOESOPHAGEAL DEFECTS 

N. Logan Leven, M.D., and Richard L. Varco, M.D. 

St. Paul, Minn. 

INTRODUCTION^ 

A mong most surgeons iviio deal ivitli the congenital tracheoesophageal fistula 
problem there currently exists a clearly understandable sentiment for 
salvaging the gi’eatest possible number of children. To those deriving guidance 
from this principle, it is apparent that the routine insistence on the use of a 
primary anastomosis will inevitably yield a smaller percentage of successes. 
Contrariwise, an opportune use of the multiple stage procedure, in the instances 
of simple atresia, will often save the life of one more child. Regardless of one’s 
scientific or emotional bent, and we personally strongly oppose an “all-or-none” 
operative philosophy for the management of this grave ailment, an occasional 
need will surely arise for techniques of bridging a substantial segment of the 
esophagus. Because of these considerations we are reporting our experiences 
with the resolution of this situation in ten children originallj’- treated by the 
multiple procedure technique of fistula ligation, cervical esophagostomy, and 
gastrostom.y. 

HISTORICAL 

In an earlier presentation with Lannin and Tongen’^ we reviewed the 
items of the embryologie variety of lesions occurring in congenital atresia of 
the esophagus, the historical attempts at therapy for this problem, and our 
experiences with 103 consecutive cases,^® and considered in some detail the 
general and the specific surgical care for this situation. From this group, there 
were ten children originally treated by the multiple stage procedure, on whom 
we operated for restoration of alimentary continuity. 

During the j'ears intervening since Leven and, independently, Ladd 
achieved success with the multiple stage technique, numerous surgeons have 
skirmished with this problem in reconstruction. Some have souglit to develop 
an aiitethoracic skin tube. Ladd,® I%y," and Lam” did employ some variant 
of this plan for completing intestinal conlinuitj' in the tracheoesophageal fistula 
cases; Davis and Stafford,® Stevenson,®* and Ilanrahan® developed skin-lined 
simulated gullets for comparable situations. Though completed tunnels were 

From the Department of Surgery, University of Alinnesota Hospitals, Minneapolis, Minn. 
Thi'^ work has been aided by tlie William L. Alclvni&ht Itesearch Fund at the University 
of .Minnesota and the Jolin G. Ordway Fund at the Children’s Hospital, St, Paul, Minn. 

Head at the Tlilrty-second Annual Meeting of The American ..tssoclatlon for Thoracic 
Surserj- at Dallas. Texas, May S-ID, 1952. 

•Ti\is includes sixty-eight instances of primarj- anastomosis with forty-three survivors. 

IG 



keyeis akd yaeco: delayed 


RESTORATION^ OF ALIAlENsTARY CONTINhUITY 


17 


reported early and late technical trihulations were met. Closure difficulties 
rorir;m pr\mary or recurrent fistula formation as weU as from stnctures 
eventuating particularly at the gastroeutaneous anastomotic jimction. Ochsnei 
and Owens,« Lam,^“ and Ladd and Swenson® sought to reduce the item of 
scarring from acid peptic juice by bringing to the anterior abdominal wall the 


distal esophageal segment. 

The effectiveness of this maneuver in reflux control is questionable, how¬ 
ever, since the dissection required would seriously compromise one’s normal 
esophagogastric pinchcock mechanism. These several limitations contributed to 
a rather tepid enthusiasm among many surgeons for this general management 
program and did encourage the planning of alternative approaches. 

Tudin®° has described in some detail many techniques, essentially of 
historical interest and but infrequently attempted currently save for that pro¬ 
cedure pioneered by Cesar Hoiix. The use of a limb of jejunum, secured from 
the segment just distal to the Treitz ligament, as an antethoracic esophageal 
replacement, received the major attention of Tudin. In fact, the Y-ti'pe 
anastomosis seemed to represent his preferred method for bridging long caustic 
or acid-induced esophageal strictures. His description and suggestions for the 
technical management of the mesenteric dissection served reliably for guidance 
while we, from a quite inexperienced position, were acquiring some familiarity 
with this problem. A careful study of this paper is reconmiended for those 
plamiing to use the jejunum for thoracic esophageal replacement. Despite 
Yudin’s favorable support of the method, the development of a length of 
vascular mesentery so adequate and nncompi’omised for viability as to permit 
a safe nnion with the cervical esophagostomy was at times a poser and led to its 
rirtual abandonment by some.' A clever and singular success in meeting tliis 
issue was described by Longmire" who reanastomosed one set of the rasa recta 
jejunalis to the internal mammaiy vessels. Lougmire and Ravitch” effectively 
developed a parasitic blood supply from the surrounding pedicle tube for a 
length of transposed jejunum by a careful staging through several steps so that 
ultimately complete division of the mesenteric tributaries was achieved. 


Yan Prohaska and Sloam® sought to realize a greater transplantable length 
in the jejunal segment by denuding the mucosa of the serosal and mnscrdar 
layers. The remaining free, full thickness, mucosal tubes were rather uniformly 
nonriable in their canine experiments, and use of this technique was followed 
by some stenosis in one clinical counterpart. Harrison,® as well as Robertson 
and SatjeanV® shortened the distance to be bridged by recoui-se to a more direct 
routing of the jejnnal limb between cervical guRet and stomach. Rather than 
riie ^ual arclike position described by .a subcutaneously placed antethoracic 
mterimal segment, the bowel was carried more like a secant directly throimh 
the thorax by the former and just substemaUy by the latter team. CosmeticalTv 
of comnr ? advantages, as weU as minimizing any likelihJ^d 

cm,on,, ,l,e ..c,dental impaation som. „n«nei siaed'parSate Sta 
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this intestinal segment is a possibility and might likely he at a quite inaccessible 
site. Endoscopic instrumentation through the kinked bowel segments, too, 
would be hazardous.*^ 

Rienhoff,^® Bigger,’ and Potts’" have mobilized the stomach to complete a 
delayed antethoracic esophagogastric anastomosis. The latter author subse¬ 
quently placed these segments within the left thoracic space after division of 
the appropriate costal cartilages. 

Sweet'- and Clifton," in a dela.ved reconstruction of alimentary discontinuity 
secondary to esojihageal atresia, moved the stomach into the chest and out the 
superior thoracic aperture. A gastric ana.slomosis with the cervical esophagus 
was completed in two cases I'ccordcd I)y the former. Food consumption was 
described as es.sentially noianal, (hough growth came a bit slowly to one child 
among Sweet’s ca.ses. During subsequent years this child improved at a more 
rapid pace. No untoward physiologic di.sturbances were noted or ascribable to 
the intrathoracic stomach. In a suksequent publication, Longmire”’ carried 
through a reconstruction plan resembling Yudin’s, in that a .ic.iunal segment 
pedicled on a single vertical mesenteric tributary was mobilized into an ante- 
thoracic position. By this technique, alimentary continuity was restored to two 
infants shortly after thoracic exploration revealed the nonanastomosable hypo¬ 
plastic lower esophageal segment in as.sociation with a tracheoesophageal fistula. 
Their subsequent physical development and health os recorded in a follow-up 
at twenty-eight and thirty-nine months, re.spective]y, has been gi'atifying. Dc- 
la.yed sectioning of alternate jirineipal elements of the vascular rete has been 
studied by Shumackcr.=“ For the rat and for the dog, by this means, a greater 
length of intestine could safely be pedicled. Its successful application to a 
clinical case of lye stricture in a child was described. 

Our own first cautious groping for some acceptable solution to this .situation 
began in 1947. For minimum standai-ds we desired a technique surgically 
safe, compatible with a reasonable rate of ph.vsical development, and one which 
would be unlikely to pre.iudice (he fidure should an anatomic I'carrangement 
at a later date prove essential. It should also have enough cosmetic appeal to 
prevent rejection or scornful comparisons when this child would be exposed 
to the comparative glances and comments of his playmates. The reconstructions 
in nine of the ten cases being reported seem to meet these requirements reason¬ 
ably well. 

METHOD 

As a general plan these chiklrcn were admitted a few days before tiio first stage of 
the roconstructivo procedure. During- tliese twenty-four liours inimediately jrrior to svirgery, 
at least two intramuscular penicillin injections were given; streptomycin or Aureomycin was 
supplied via the gastrostomy, but no nutrient was permitted by this route during the last 
twelve prooporative hours. The anesthetic for each stage in virtually o\-ery operation was 
Pentothal Sodium and curare, for induction and for maintenance. A high concentration of 
oxygen in combination with nitrous oxide was supplied through an endotracheal tube. These 
anesthesias, administered by a large and changing number of the medical personnel in 
training for that specialty, were invariably superbly- well done. Jlidline, right or left upper 

•In one of our cases, a swallowed penny became so ine.xtricably wedfired into tlie esophag¬ 
eal pouch as to require transcervical removal. 
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rectus or transrerse iudsious aU ofiered au adequate exposure. The luc^dou of 
of the orioiual operator at the time the abdomen had been ent«ed to make tie ^ = 

mas reopeied to develop the exposure about the area of the jejuna mesenteir. 
adhesions to the upper small bowel and its mesentery were 6^* lt%vas 

peritoneum were preserved over all arcuate vessels immediately uerf to «« bowel. It wm 
cleared awav, however, along with all fat and often a considerable quantity of variomly 
<=ized and ciustered Ivmph nodes, directly down to the first portion of the main supenor 
mesenteric vessel to the entire small boweb This arterial segment and the fi.rst lonr or live 
major primarv channels were carefully dhsected free of the network of sympathetic fibers 
ramifying locally and distally. The vasa recta jejunalis to be responsible for nouns^g the 
transplant and the superior mesenteric artery at this level was denuded of autonomic fibers 
and areolar substance quite as carefully as one prepares a small artery for an anastomosis. 
Vasospasm was not sustained in these periarterieetomized segments. VTith senefine clamps 
applied to as many as three or four of these main tributaries, reflections from pulsations 
were iisuallv visihle along the vascular arcades immediately adjacent to the moist bowel. The 
first large vascular channel to the jejunum was always saved to insure a sound blood supply 
on the proximal line of the intestinal anastomosis. IVith the bowel sectioned 6 to 10 cm. 
distal to the Treitz ligament it as periodically tested for adequacy of length by measuring 
it onto the anterior abdominal and chest wall. Hedivision of the straight vessels and then 
occasionally those of the first arcade served to straighten the intestinal length relative to 
mesenteric length. After experiences with uniting the upper end of this jejunal segment to 
the esophagus, once or twice, it was self-evident that enough redundant bowel to bridge any 
reasonable gap could be dissected free at that time. Any aU ont effort to bring tliis jejunal 
limb precisely to the cervical stoma was therefore unnecessary and might even compromise 
its terminal few centimeters. After developing an approximately adequate length of this 
prepared portion of bowel, it was passed through a rent in the transverse colonic mesentery 
and then, brought out from the abdomen in a midline fascial opening. It then dipped into 
a widely undercut snbenfaneoiis tunnel, finally popping ont through a loosely fitting skin 
incision at about the level of the clavicle or first rib. To minimize tension in this ante- 
thoracic tunnel the area of the chest and abdominal wall was widely freed over an area from 
the right side of the sternum to the left anterior axillary line. Serosanguineons accumulations 
in this raw region were led away by two or three laterally placed soft Penrose type rubber 
drains coming out of stab incisions. Intestinal continuity was re-established bv end-to-side 
union (Boux V) below (retrocoUc) the transverse colonic mesentery. This tissue was tacked 
to the loop of jejunum and then the abdominal fascia was sewn to the bowel as it left the 
pentoneal cavity—quite similar to the technique for preventing hemiarion about an ileostomv. 
-Tttention was ever directed against the development of mesenteric venous engorgement in 
the transplanted loop either through compression or twisting, or from inadvertentlv placed 
sutures. The shorr external segment of bowel was left open to preclude the serious accumula¬ 
tion of internal tension from secretions. It usually became cyanotic in varying degrees. 
Its viabflity was tested and deemed all right in the first patient by fluorescence"' To ^tra- 
■nolei light after an intravenous injection of fluorescein. Continuity in the cervical re<rion 
accomplished at intervals of a few days to several months foTo-iving the development of 
the antethoracic jejunal segment. In the first cases, this delav was dehberate in order to 
permit the edema and other acute inflammatoiy reactions, aroused bv the first procedure to 
subside so that the bowel could then be more easily sewn to the esophagus. The likelihood 
f a salivary nstula of even a few days' duration is prohahlv lessened bv a rpn-na M 
Iiibition of patience. These anastomoses were a}l of the open tme trrn r' ~ f ^ 

one mucosa-to-nincosa tmion, and Tvere completed niih 00000 sii. ' ^ ^ 

Once we recognized the essential need for correcting the ••bv-na^^-- • 

b\ the jejunal segment, another stage was added to the r.- » stomach 

opened once more and the jejunal limb of the Y ananomo abdomen was 

leaving a small blind pocket! The exjl Wei ^ no 

to the mesenteric border. Several S vWreo'r «^®-^'eularizing it 


cloie 


straightened segment was then joined to the 


nsua.'lv be removed. 


This 


antrum. Most of the feeding gastrostomies were 



20 


■rUE JOURNAL OF THORACIC SURGERY 


maintained for several months to supplement the child’s caloric intake. M’hen eventually 
abandoned they rarely healed spontaneously, but required a coring out of the tract plus a 
formal closure of that area. 

In one child, J. N., intestinal continuity was cstablislied by transplanting the entire 
stomach into the left thorax. This dissection was carried out through a thoracoabdominal 
incision. An esophagogastric anastomosis was made in the neck after an extraperiosteal 
removal of the first rib provided an ample-sized opening to deliver into the cervical area the 
gastric fundus. 

RESULTS and discussion 

To date the recoiistnictions have been completed in eight children through 
the stages of esophagojejunostomy, 3 e.iimogastrostomy, and closure of the 
gastrostomy. Tiieir ages, current heights, weights, and dates of last operation are 
listed in Table I. One boy has onlj'^ the ccndcal esophagus anastomosed to the 
jejunal limb; another child has had alimentary continuity established by 
esophagogastrostomy after transplantation of the stomach into the left thorax 
and lower neck. The first reconstruction was started as a jejunal transplant 
in a 3t^-year-old boy on June 5, 1947. On Aug. 21, 1947, the upper stoma was 
united to the esophagostomy and convalescence vms uneventful. At times, and 
unpredictably in relation to the kind of meal eaten, this child has had some of 
the manifestations of a "dumping” syndrome, that is, tachycardia, sweating, 
and pallor. He would often then express a desire to lie dorni. Nausea was not 
noticeable. There was a slow but steady gain in Aveight and appetite evidenced 
by the youngster. Because of his generally acceptable over-all status the need 
for transplanting the jejunum back onto the stomach was not at once apparent. 


Table I. Postbeconstruction Gbowtu Eecord for All Children as op iLvy I, 1052 


PATIENT 

AGE 

1 (YK-) 

1 CURRENT 

■vrEIGHT 

1 (pounds) 

1 CURRENT 

HEIGHT 

1 (inches) 

1 DATE 

1 deconstruction 

1 COilPLETED 

D. E. 

9 



4/29/49 

D. W. 

SV2 

55 

51 

9/ 9/49 

D. G. 

9 

0614 

54% 

10/25/49 

0. B. 

GVs 

51% 

47 

11/15/49 

J. B. 

S 

51% 

40% 

12/30/49 

J. N. 

7 

33% 

45 

1/20/50 

R. L. 

12 

80 

50% 

3/31/51 

G. B. 

GV2 

35 

43 

6 / 0/51 

M. S. 

5 

37 

42 

7/24/51 

D. S. 

5 

40% 

43 

9/2S/51 


Our second patient, anastomosed for oi’al alimentation Sept. 16, 1948, did 
so poorly in the folloAving few months (alopecia areata, little v'eight gain, 
reluctance to eat, and franlc personality changes) that a jejunogastrostomy 
was performed in April, 1949. Subsequent to this procedure the child improved 
steadily and he has maintained a fair growth rate since. In other cases of this 
series we have noted the progressive improA'ement in the individual’s general 
health once the stomach has been restored to the direct line of alimentary con¬ 
tinuity. Longmire has recently commented upon the importance of not "by¬ 
passing” this organ. (Yudin’s statement to the contrary might be accounted 
for by the older age of the patients in his series, and hence their lowered 
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inetaboHc rate.) For cliildren, vre beliere there are real advantages to baring 
it connected directlv into the food circuit. The antiTim vas selected in all cases 
for union ivith the je.innum. The anastomosis ivas deliheratelr placed here 
recognizing that should a stomal ulcer ever trouble the individual later in life, 
it vrould stm be possible to resect, transthoi-acically. enough of the acid-bearing 
area to cure the ulcer diathesis, without disturbuig those already existing 
anastomoses. Theoretically and from experimental e\'ideuce thei-e is a some¬ 
what greater likelihood of an ulceration occurring in the situation where the 
stomach is “by-passed'' than if continuity is made with the jejunum. 

The present weight and height of each child in this group have been plotted 
on a Wetzel grid.-^ Seven of the nine individuals in this group cared for by 
the jejunal transplant were above or ai-ound the 67 per cent auxodi-ome with 
three of these sustaining physiques and developmental levels to the 15 per cent 
auxodrome. Wlien these items of weight, height, and age were plotted for the 
child reconstructed by an esophagogastrostomy technique, the curve derived 
was barely on the grid, and far below the 9S per cent auxodrome. In the 
twenty-seven elapsed months since completion of his anastomosis, tliis youngster 
has remained fragile and “puny.” Therefore, the likeliliood is sti-ong. particu¬ 
larly since he has fallen away from his isodevelopraental line, that this case 
represents one with a poor physical fitness record. Clinically, there is suppoi’t 
for this type of representation. Wliereas eating seems to provoke in him no 
acknowledged distress, exposure to and selection from a variety of nutidtious 
items at any meal rarely captivates his appetite. Koentgenologieally the 
stomach appears flaccid, empties slowly, but ultimately, and shows no organic 
site of obstruction. It is conceivable that, for this child, vagotomy with its 
secondary inhibitory effects on pancreatic function has been majorly responsible 
for a substantial measure of the obvious physical retardation. Obvereelv, most 
of the children with a jejunal reconstruction including an anastomosis onto the 
stomach have done well, and several have sustained an excellent physical fitness 
record. 


The youngest child in this series was 2 years, 9 months of age at the time 
a jejunal limb was positioned onto the chest wall. The remainder were several 
months to yeai-s older before a sm-gical reconstruction was attempted. This 
imcertainty and admittedly timorous viewpoint about beginning the neeessarv 
reparative steps on very young children was fostered by an often expressed 
desire from the parents to await a “best” operation. Several were participants 
m a close network of correspondents composed of parents raisin-r similLrlv 
cnppled ehfldren. Longmires exceUent results in restoration of oral alimenta 
tion with two neonatal infants offer a sound argument in favor of qt. i- 
intervention than we practiced. “ 

Although these youngstei-s uniformlv came to t1iP trUtoi 
restoration of alimentaiy continuitv in crood phvsical cond'f +if^i^ 
preparing and patiently injecting tWsanl of 

diapermg the cervical esophagostomv was a^siiredlf feedings, and then 

I. .MS so™ poso„s'Ma ieo. 
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child to eat and drink from a wide selection of foodstuffs and beverages. This 
painstaking cultivation of youthful taste buds and palate was rewarded by a 
more eager aceeptanee of regular childhood fare once intestinal continuity was 
achieved. The adjustment, in mouths tender from no contact with the eoarser 
foods, was slower. 

The cosmetic result is not nearly perfect in any single ease, at least to 
our critical ga^e. Fortunately, the parents have been more charitable, and 
realistic. There has been no ardent acceptance of our offer to improve the 
child’s appearance by placing the at times prominent intestinal loops beneath 
the thoracic frame. Of course, this suggestion has always been coupled with 
an explanation that this procedure could do nothing to improve intestinal 
function. We have also speculated about the hazard from trauma to the bowel 
or to its blood supplj', by a crushing injury applied to the chest or costal margin. 
Specifically in boys this potential has provoked some concern for the future. 
True, the follow-up time has been short, and these children with but a single 
exception are rather too young for the hardier athletic contests. Still, for this 
oldest boy, roughhousing, Avrcstling, and back j'ard football of a somewhat rugged 
character have provoked no distressing symptoms nor daunted his zest for such 
exercise. Some parents are yet considering this final transplantation plan, but 
most of them are outspokenlj’^ grateful now that their son or daughter can eat 
contently and from the family table. With a greater experience in treating 
the arcades and I'crtieal nutrient vessels, straighter, less redundant, segments of 
interposed jejunum have been left. Also, the excess intestine can be tailored 
anew and shortened at the time of completing the gastrojejunal union. This is 
one small argument in favor of delaying that stage until a later date in the 
over-all restoration program. As noted often in the whole series, during 
fluoroscopic examination of this segment, the main bolus of barium drops under 
gravity’s influence and is pushed by peristalsis through to the gastidc pouch, 
seconds after its oral ingestion. An inability to empty this intestinal limb, 
granted the meal is not a particularly dry one, has not arisen as a handicap to 
the acceptance of a good-sized repast in the course of one sitting. A small serous 
or salivaiy fistula was noted at the upper anastomosis in three cases. All healing 
was spontaneous, with the child remaining on clear liquids, in the course of 
three to five days. The remainder of the cervical esophagojejunal junctions 
healed primarily Avithout evidence of gross leak, as did all of the intra-abdominal 
suture lines. In the tenth and last patient operated upon, a slough developed 
at the superior end aliout tAventy-four liours after the surger 3 '^ for the first stage. 
Prior to this time the color in this segment had seemed quite satisfactory'. 
Promptly' after the necrotic end Avas recognized the subcutaneous tunnel Avas 
opened under local anesthesia at mid-chest and all nonA'iable or dubiously' viable 
boAvel cut free. Fortunately', an adequate length y'et existed to permit approxi¬ 
mation of the remaining segment to the cervical esophagostomy' at a later date. 

In this boy' the jejunal limb is noAv straighter than it is in some of the other 
children, and it functions smoothly'. 
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SUMMARY 

Experiences n-itli ten patients in the operative management of delayed 
restoration of alimentary continuity in children originally treated by the mul¬ 
tiple stage procedure for congenital tracheoesophageal defects have been re¬ 
ported. The shortcomings of both methods tried, as u’ell as their advantages, 
have been noted. The functional results in those eared for by the interposition of 
a jejunal limb between the cervical esophagus and the gastric pouch Avere ap¬ 
praised as superior. The single child rvith stomach united to the upper gullet 
has failed to mature physically at a standard and acceptable pace. The relevancy 
and need for a sustained follow-up in this gi'oup and in comparable eases, 
through their later formative years to test the effect of these stresses, as well as 
aging, are candidly conceded. 
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DISCUSSION 

DB. FEEDEBICK G. KEBGIN, Toronto.—I am very interested in tliis presentation 
by Dr. Varco. Dr. Bobert Mustard (of Toronto) and I have also had some thoughts about 
reconstruction of the esophagus for slightly different types of lesions. We do not do work 
with children and have not had tliis exact problem, but we have had young patients who had 
lost the use of the esophagus, in whom we wished to establish an alternate route for food. 
We have been very concerned about by-pas.sing the stomach or about nn.astoraosing the 
jejunum or any other bowel to the stomach because of peptic ulceration. It seemed to us 
ideal if we could design a technique to put the new esophagus in the chest and anastomose 
the lower end to the lower end of the esophagus, if the obstruction were above that level, 
so as to protect the boivel by normal sphincter action of the lower end of the esophagus. 
We had one such case in which this procedure was successful. We found that the jejunum 
had too precarious a blood supply for this maneuver, and we used the colon. 

Our patient was a young woman who had a paraffinoma of the mediastinum, secondary 
to an old extrapleural pneumothorax with paraffin oil fill. She had intractable stenosis of 
the upper esophagus. We were able to mobilize an isoperistaltic loop of transverse colon 
pedicled on the middle colic artery, pass it up through the left chest and into the neck, and 
anastomose the upper end to the upper end of the esophagus, and the lower end to the 
esophagus just above the diaphragm, so as to by-pass the upper esophagus. She has done 
well and now has excellent function. I think in cases of this type, if there is a lower segment 
of esophagus available, which is functional, it is perhaps more ideal from the cosmetic as 
well as the physiologic point of view to put the new esophagus in the chest and preserve the 
esophageal sphincter. 

DR. MARE RAVITCH, Baltimore.—The problem of peptic ulceration in jejunal loops 
that have been anastomosed to the stomach is not purely a theoretic one. We have observed 
this twice, both times in young women who have had an antethoracic esophagoplasty per¬ 
formed for a lye structure. On the other hand we have twice had infants, such as Dr. Varco 
presented today in his interesting paper, who failed to gain weight and had intractable 
diarrhea, the stomach having been by-passed, and who did very well and continued to do 
well after the lower end of the antethoracic jejunal loop was imp'anted into the stomach. 

It is Y’udin’s practice to by-pass the stomach routinely. AVe recently had a visitor from 
Yugoslavia who, during the Yugoslavian-Soviet honeymoon, spent several years with Yudin, 
and who has a very large experience of his ou-n in Belgrade—Dr. Papo. His practice is the 
same, to by-pass the stomach—these arc mostly lye and sulfuric acid strictures—anastomosing 
the loop to the stomach only if diarrhea or malnutrition results, and apparently it can result, 
even in adults. 

One final historical note about Roux’s case. That ease was reported again forty odd 
years later by his original first assistant who had taken Roux’s last name, possibly having 
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married Eoax’s daugliter (I have not checked on that) and he is now Picot-Eonx. He points 
out, in a French article, that not only had the patient progressed very well but he had sired 
two fine children. 

One last teclmical point which is brought to mind by Hr. Kergin's reference to the use 
of isoperistaltic loops. There are at least two references in the literature to the advantage 
of reversing the jejunal loop in order to take advantage of the regularly greater size of the 
first jejunal artery. A careful reading of those papers would indicate that the patients have 
all succumbed. There is an old reference to Jankouskis of Eiga wliich is carried down in 
modem literature, and again careful reading of his article shows, in fact, that none of the 
loops were antiperistaltic, they were all isoperistaltic. 



SURGICAL TREATMENT FOR CONGENITAL AORTICOPULMONARY 

FISTULA 

Experijiextal and Clinical Aspects 

IT. WiLLiAAi Scott, Jr., M.D., Nashville, Texn., and 
David C. Sabiston, Jr., M.D. (by invitation) 

Balti.more, Md. 

A DEVELOPMENTAL defect in the aortic septum with communication 
between the aorta and the pulmonary artery near the base of the heart 
is a rare congenital anomal.y. Gasul, Fell, and Casas,' who reported a case of 
this type in 1951, were able to find only twent 3 ’^-four other cases recorded in 
medical reports during the last centuiy. Little is knoum about the origin of 
the anomaly except that it probablj- results from an arrest in the development 
of the aortic septum between the fifth and eighth weeks of intrauterine life.- 
In the normal fetus the growth of the aortic septum divides the primitive 
truneus arteriosus into two separate vessels, the aorta and the pulmonarj’’ 
artery. Failure of growth or of fusion of the anlagen of the septum may re¬ 
sult in persistence of certain features of the truneus arteriosus in postnatal 
life. Depending on the degree of the arrest, the windowlike communication 
between the aorta and the pulmonaiy arteiy ivhich results may vaiy from a 
small round opening 5 mm. or so in size located S or 10 mm. above the cusps 
of the pulmonary valve to a large defect which extends from the valve cusps 
to the bifurcation of the main pulmonaiy arteiy (Fig. 1). 

Congenital aortieopulmonaiy fistula is probablj^ the best descriptive term 
for this anomaly from both the phj^siologic and clinical points of view. The 
alterations in circulatory djmaniics associated with it appear to be similar to 
those produced by persistent patency of the ductus arteriosus. The clinical 
syndrome has been discussed recently bj^ Spencer,^ Gibson,' Gasul,' Dammon,® 
and their respective associates. 

Our interest has been primarily concerned with the development of a 
method of surgical treatment for congenital aortieopulmonaiy fistula. The 
purpose of this article is to describe experimental techniques for production 
and closure of aorticopulmonary fistula and to report the successful clinical 
application of the method of closure in an infant. 

From the Departments of Surgery of The Johns Hopkins University School of Medicine 
and the Vanderbilt University School of Medicine. 

Aided by grants from The Carolyn Rose Strauss Foundation, Inc., for Diagnosis and 
Treatment of Congenital Cardiovascular Defects, and from the U. S. Public Health Service, 
National Heart Institute. 

Read at the Thirty-second Annual Meeting of The American Association for Thoracic 
Surgery at Dallas, Texas, May 8-10, 1952. 
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EXPERIJIEXTAL .VSPECTS 

Production of xlortkopuhnonanj Fistulas .—The object of these experiments 
%vas to produce a lalioratory preparation Avhieli ivonld resemble anatomically 
and physiologically congenital aorticopulmonary fistula in patients. Several 
years ago during the development of the technique of creation of an artificial 
ductus arteriosus, Dr. Alfred Blalock devised a means of producing an aortico¬ 
pulmonary fistula which consisted of placing a stab wound between the pul¬ 
monary artery and the aorta near the base of the heart M'here the ivalls of 
the two vessels are in apposition. This technique did not prove to be entirely 
satisfactory, however, and it was found by Blalock and his co-workers that 
fistulas produced in this Avay tended to close spontaneously.'’ 



The method adopted for use in the present experiments is Bip r-nncf,. +• 

o suture anastomosis between the ascending aorta and the main i 

teaveen ,he descending a„,,a „„d ,he lelt Pnl.no.rv „ t , 

Potts, Smith, and Gibson.’ ^ aiteiy described by 

Twenty-five adult mongrel dogs were used in tUpo. 
procedure which was employed in the production of 00 ^ 1 - The 

m those animals was as follows. After morphine fistula 

the animal was anesthetized with ether Puhnon 

tamed by the use of an intratracheal t be\nd a ^ ^vas manu 

aseptic technique an incision was made iT u Usinl 

The pericardium was opened widely The intrn?"'^^' intercostal space'" 
the base of the aorta and the puhnLarv m te ’ overly,i. 

-TO carefully Aced of investiL ai^ 

n to their points of ongi„ 
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from the heart. With the vessels widely mobilized, a curved Potts ductus 
clamp was applied to the anteroinferior aspect of the ascending aorta so as to 
isolate a crescentic segment of the aortic wall. A similar segment of the wall 
of the adjacent main pulmonary arteiy was isolated by the application of a 
straight Potts ductus clamp to its anterosuperior aspect. Each clamp was ap¬ 
plied in parallel to the long axis of the vessel. A small incision was then 
placed in the wall of each isolated vascular segment and a lateral anastomosis 
constructed with 00000 arterial silk sutures ly the Blalock method.” After 
the removal of the clamps a thrill was palpable in the pulmonary artery. The 
pericardium was closed loosely, the lung re-expanded, and the chest wall 
closed in layers. The steps in technique are illustrated in Fig. 2. 



Fig-. 2.—Teclinique of pi’oduction of experiioental aorticopulmonary fistula. 


With this method it is possible to place the anastomosis within one centi¬ 
meter or less of the aortic valves and even closer to the pulmonary valves. A 
typical example of a small fistula produced by this technique is seen in Fig. 3. 

Three of the twenty-five dogs used in these experiments died of hemor¬ 
rhage from the anastomosis in the immediate postoperative period. In each 
of the remaining dogs an aorticopulmonary fistula was successfully produced 
by the method described. A continuous murmur with systolic accentuation 
could be heard in the postoperative period in each case. The size of the fistula 
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which was produced in these animals varied from -1 to 10 mm. in diameter. 
The smaller fistulas (1 to 5 mm. in diameter) were well tolerated by the ani¬ 
mals and there were no manifestations of cardiac failure during observation 
periods of one to four months in this group. Animals with aorticopulmonary 
fistulas measuring 6 to 10 mm. in diameter died wth pulmonary edema in four 
to ten days after operation. 



Fig. 3.—Photographs of dog’s heart showing aortic and pulmonar>- aspect'? of 
fistula one month after its production. 


small experimental 


Closure of Aorticopulmonary Fistulas.—In tweh'e of the dogs -srith expei 
mental aorticopulmonary fistulas a second thoracotomv was done and an a 
tempt was made to close the fistula. Because of the u-indowlike'nature . 
aorticopulmonary fistulas in patients and the relativelv large diameter of .no 
of these congenital communicaBons. it was felt thai a technique of elosin 
based on the use of encircling ligatures or suture ligatures would m-Ll T 
unsatisfactory in clinical application. Consequent]v in ft. ^P^O'etol 

experimental fistulas efforts were directed toward e*1n . 
method of division and suture. The procedure i fistula by 

mal was anesthetized unth ether and the old thoraToto" The an 

Adhesions between the hum and the pericardium i ^ reopenei 

Carctnl ™ c-m-icj out to fr« fko c rcoml! 

e circumference of the aorta an 
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the main pulmonary artery, proximal and distal to the fistula. With the 
vessels mobilized as widely as possible the dissection was then carried around 
the fistula itself. A curved Potts ductus clamp was applied to the aortic side 
of the fistula grasping a crescentic segment of the aortic wall. In a similar 
manner a straight Potts ductus clamiJ was applied to the pulmonary artery so 
as to occlude the pulmonary aspect of the fistula. The clamps were applied 
in parallel to the long axis of the vessels. The fistula was divided between the 
clamps so as to leave a vascular culf for suture within the grasp of each clamp. 
Closure of the defect in the wall of each vessel was accomplished with a 
running mattress suture of 00000 arterial silk wliich was returned on itself as 
a continuous over-and-over suture. The clamps Avere then removed, the peri¬ 
cardium Avas closed loosely, the lung re-expanded, and the chest closed. Fig. 
4 illustrates the steps in closure by this method. 



4,—TecIiniQUe of closure of experimental aortJCopuJmonary fistula by division and suture. 

There are seA^eral iiossible Amriations in the method of application of the 
clamps and in the choice of straight and cuiwed Potts forceps. HoAveAmr, the 
use of the curved forceps on the aortic side of the fistula pei'iuits a larger seg¬ 
ment of aortic Avail to be more easily grasped than Avhen a straight clamp is 
used for this purpose. 

SiACcessful closure of tlie experimental aorticopulmonary fistAila by this 
method was accomplished in five of the tAvelve dogs in Avhich it Avas attempted. 
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The other animals .vere lost from hemorrhage at the time of attempted closure. 
Dense scar mahes the clissectiou extremely difficult several months after the 
fistula is produced, and if closure is attempted -within the first week or two 
after the anastomosis, friahle granulations and easy dehiscence of the anas¬ 
tomosis add to the technical hazard. T^ith a single exception, the successful 
closures were all accomplished one to three months after production of the 
fistula. These animals have been ohsewed from one to six months since the 
closure of their experimental aortieopnlmonary fistulas and have remained 
healthy and active. There have been no apparent ill effects from the slight 
degree of narroiving of the aorta and the pulmonaiy artery which has un¬ 
doubtedly resulted from the production and closure of the fistula in the sur¬ 
vivors. 

CLIXIGAL ASPECTS 


Diirins an eighteen-month period (1950 to 1951) three patients with con¬ 
genital aorticopulmonary fistula were studied and subsequently submitted to 
thoracotomy at the Johns Hopkins Hospital. The diagnostic problem pre¬ 
sented by these patients and a detailed description of the clinical syndrome of 
aorticopulmonary fistula exceed the scope of this article and will he reported 
separately hy Taussig and her associates.’® 

Cardinal clinical findings in the first two patients of this small series in¬ 
cluded absence of cyanosis and polycythemia, progressive cardiac enlargement, 
and a loud systolic murmur over the preeordium, maximal in the third or 
fourth intercostal space to the left of the sternum. Cardiac catheterization 
indicated the presence of a large left to right shunt. A diagnosis of “atATiical” 
dnetus arteriosus was made iu each case, although high interventricular septal 
defect and congenital aorticopulmonai'y fistula could not be excluded. 


At operation in the first patient (female, aged IS months) an aorticopul- 
monaiy fistula was found which measured 10 mm. in diameter (Fig. 1). The 
lower margin of the fistula lay 6 or 7 mm. above the pulmonary valves. Dur¬ 
ing the dissection around tlie fistula, the base of the pulmonarv arterv was 
lacerated and the eusulug severe hemorrhage could not be controlled. At 
antopsy the fistula proved to be an isolated cardiac anomaly. 


In the second patient (male, aged 4 years) thoracotomy revealed the mal¬ 
formation illustrated in Fig. 5. There was a right aortic arch and a large de¬ 
fect in the aortic septum which seemed to e.vtend down to the level of the ar¬ 
terial valves. There was no sulcus at the base of the large common arterial 
trunk to indicate a point of demarcation het-(veen pulmonai-v artery and aorta 
Direct measurements of pressure in the aorta and the puImonai-v m-terv 
showed Identical readings. Ao attempt was made to close this huge fistula 

Experience with these two patients stimulated our interest in devisincr a 
method of surgical treatment for congenital aortieopnlmoinrv a 

prompted the development of the experimental teehninno V-' v 
described. In the third patient the teehZfof closnT ; u ^ 
fistula hy du-isiem and sntnre was applied .sncce.sLllw 
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Fig. 5.—Sketch of findings at operation in 4-ycar-olU boy Avith right aortic arch and large 
aorticopulmonary fistula which apparently extends to the level of the valves. Closure was not 
attempted. 



Fig. C. Fig. 7. 

Fig. 6.—Reproduction of posteroanterior roentgenogram of chest before operation in 10- 
month-old infant with congenital aorticopulmonary fistula (patient D. S.) 

7 .—Reproduction of preoperative retrograde thoracic aortogram in patient B. S., 
demonstrating aorticopulmonary fistula (left anterior oblique view). 
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CASE REPORT 

D. S. a- 10-mouth-old white female, was admitted to the Harriet Lane Home of The 
Johns Hopkins Hospital on Dec. 5, 1951, because of cardiac failure. The mother’s pregnancy 
had been uneventful. Delivery occurred two weeks prior to term and the birth weight was 
5 pounds, 9 ounces. Since the age of 2 months the infant had been followed m the climc 
because of recurrent respiratory infection, dyspnea, tachycardia, and progressive cardiac en¬ 
largement. She had always been a feeding problem and failed to make a satisfactory gam in 
weight. Cyanosis had never been noted. 

Physical Examination.—On admission examination revealed a thin, underdeveloped fe¬ 
male infant with temperature 97% pulse 130, respiration 40, and blood pressure 130/60. Head, 
eyes, ears, nose, and throat were normal. There were fine moist rales at both lung bases. The 
heart was enlarged to the right and left. The apical impulse was in the fifth left intercostal 
space in the anterior axillary line. There was a diffuse, grade 2 systolic murmur along the 
left sternal border, maximal in the fourth left intercostal space. The liver edge was palpable 
3 cm. below the costal margin. There was no cyanosis, clubbing of the digits, or edema. 

Fluoroscopy .—^The heart was moderately enlarged (Dig. 6). The pulmonary conus was 
not prominent in appearance, but was rather more active than normal. The pulmonary hilar 
shadows were moderately increased and showed slight but definite pulsations. The peripheral 
lung fields were not remarkable. There was a left aortic arch. 

Angiocardiogram .—Four cubic centimeters of 70 per cent Diodrast was injected into a 
vein in the right arm. Both anteroposterior and lateral exposures were made and films were 
taken at 1, 2, 3, 4, 5, G, and 7 seconds. The contrast medium was seen to enter the right auricle 
through a normal superior vena cava. Tlie right auricle was not enlarged. The right ventricle 
seemed to be of normal size and the pulmonary arteries received a normal amount of dye. 
The aorta was not visualized. No patent ductus was demonstrated. 

Fetrograde Thoracic Aorlogram .—The left ulnar artery was cannulated and films were 
taken following the retrograde injection of 5 c.e. of 35 per cent Diodrast. On one film 
the entire thoracic aorta was well visualized (Fig. 7), The aorta was of normal size and 
contour. The contrast medium had regurgitated well down into the ascending aorta and 
there was definite opacification of the main trunk of the pulmonary artery and its branches, 
indicating the presence of an abnormai communication between the aorta and the pul¬ 
monary artery. No patent ductus could be identified. 

Cardiac Catheterization .—Caflieterization was attempted but because of technical dif¬ 
ficulties the superior vena cava could not be cannulated. TIic inferior vena cava was entered 
via the saphenous vein hut the development of a nodal rhythm necessitated the termination 
of the procedure. 

'Laboratory Studies.—Fed blood count 4.71 million, hemoglobin 12 Gm. per cent, hemato¬ 
crit 37.2. Electrocardiogram showed a rate of 100 with a sinus rhythm, P-B interval O.IS 
seconds, QKS inten-al 0.02 second. The electrocardiogram was interpreted as showinc 
a balanced axis with no definite ventricular hypertrophy and slight digitalis effect. 

Coarse.—Despite digitalization the infant remained in cardiac failure with progressive 
en argement of the heart and of the liver. After a review of all the data, Dr. Taussl 
was a'dviser' “ " congenital aorticopulmonary fistula aud operarioa 

Operation,—Operation was carried out by one of us (H. Tf. S., Jr.), Dec. 21 1951 

Ancsthe.sia. —Intratracheal oxygen-ether was used.* ’ 

Technique. A cannula was inserted in an ankle vein fnr t t - 

chest was prepared and draped for bilateral anterior thorLotoL I kft T 
incision was placed, and the el.esf entered in the third iutercoV i ^ submammarv 
dissection revealed no evidence of a natent , 1 ....... .m. ^lediastinal 

-“ * ^>’ero was a systolic thrill in the 

.tdminlstered by Ml.ss Olive Rerger. 
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pulmonary artery. The pericardium was opened widely and it was immediately apparent 
that there was a large fistula between the aorta and the pulmonary artery near the base 
of the heart (Fig. S). 

In order to obtain more adequate exposure the cutaneous incision was extended 
across the sternum and over tlio third intercostal space on the right to a point just medial 
to the nipple. The sternum was divided with a Gigli saw, the internal mammary vessels 
were ligated and divided, and the entire wound was opened well into the right pleural 
cavity. A rectangular flap of pericardium was reflected to afford a wide exposure of the 



great vessels at the base of the heart. The aorta was normal in size but the pulmonary 
artery was larger than normal. Tliere was a fistula between the aorta and the pulmonary 
artery which measured IG mm. in its external diameter. The lowermost extent of the 
fistula lay 5 mm. above the base of the pulmonary artery and approximately 12 to 15 mm. 
from the base of the aorta. With the operator’s finger in the transverse sinus, compression 
of the fistula bimanuallj’ readily delineated the elliptical margins of the communication 
between the two vessels and obliterated the thrill in the pulmonary artery. A careful 
dissection was then carried out to free the adventitia and pericardial reflexion from the 
aorta and pulmonary artery proximal and distal to the fistula. During this phase of the 
procedure there were two transitory episodes of asj'stole which responded promptly to the 
intraventricular injection of 2 c.c. of 10 per cent calcium chloride solution and cardiac 
massage. After the great vessels had been mobilized as widely as possible the dissection 
was carried in the plane anterior to the origin of the right pulmonary artery and posterior 
to the fistula so as completely to encircle the latter. A curved Potts ductus clamp was 
then passed into position on the aortic side of the fistula in such a way as to grasp a 
generous segment of the wall of the ascending aorta. A second curved Potts ductus clamp 
was placed in parallel with the first clamp and applied to the main pulmonary artery so 
as to occlude the pulmonary aspect of the fistula. Both clamps were closed to the third 
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ratchet and locks were applied. The fistula was divided between the clamps., and the de¬ 
fect in the aortic wall was closed with a continuous over-and-over suture, using 00000 
silk on an atraumatic needle (Deknatel) in two rows. Upon removing the aortic clamp 
there was no bleeding. The very short cuflf in the grasp of the clamp on the pulmonary 
artery was improved by applying a second curved clamp and removing the original one. 
The defect in the wall of the pulmonary artery was then closed with a continuous mattress 
suture of 00000 silk which was returned on itself as an oveT-and-o%’er suture. There was 
no bleeding on removing the clamp (Fig. 9). 

After the completion of these maneuvers the infant’s heart action seemed to be im¬ 
proved and no thrill could be palpated in the aorta or the pulmonary artery. The peri¬ 
cardium was closed loosely. Catheters were placed in both pleural cavities and led out 
through stab wounds for water-seal drainage. The divided sternum was re-approximated 
with mattress sutures of chromic catgut, the lungs were re-expanded, and closure of the 
thoracotomy wound was carried out in layers. 



cur%-ed 

Postoperative Course.—The earlv postoperative cnur-„ i. 
fever and tachycardia. The infant was maintained on ne i '^’’^''^'^erized by moderate 
After the first week the fever subsided, the infant beeif '^*^f™“-'-cin, and digitalis, 

and began to gain weight. tVith the disappearance of"'*^ feedings well, 

d.gitabs was discontinued. The final roentgeL-ram of the e^ 
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baby has continued to do well with no manifestations of decompensation or other cardiac 
difficulties. A soft systolic murmur persists which is thought to be functional. 

COJUIENT 

The experiments which have been desci’ibed demonstrate the feasibility of 
constiTieting a suture anastomosis between the ascending aorta and the main 
pulmonary artery. The technique of producing an aorticopulmonary fistula 
might be suggested as an alternative to the Blalock and Potts anastomoses as 
a means of increasing the blood flow to the lungs in patients with tetralogy 
of Fallot. However, used in this eapaeity it would have no particular ad¬ 
vantage over the other methods and would be a considerably more hazardous 
undertaking. The procedure has served to establish a satisfactory laboratorj’- 
preparation which resembles congenital aorticopulmonary fistula in patients. 
In these experiments the animals exhibited a high degree of tolerance during 
the fifteen- to thirty-minute period of the anastomosis to degrees of partial 
occlusion of the ascending aoi-ta and the main pulmonary artery I’anging from 
30 to 50 per cent. None of the animals showed a tendencj’- to spontaneous 
closure of the fistula during the one- to four-month period of observation per¬ 
mitted by these experiments. Studies will be made to assess the long-range 
effects of this type of fistula and to investigate the relation between the size 
of the fistula and the volume of the left to right shunt. 

The method of closure by division between Potts ductus clamps is simply 
an adaptation of Gross’s original technique for division of patent ductus ar¬ 
teriosus^^ to the closure of an arterial fistula of the “window” type. In both 
the production and closure of the experimental fistulas and in the successful 
clinical application of the method of closure the Potts ductus clamps'^ have 
proved to be invaluable. The multiple fine teeth of these ingenious instru¬ 
ments Avill hold securely a segment of arterial wall without damage to the 
vessel. A narrow-bladed clamp of the Potts type, which offers a great ad¬ 
vantage in the division of a short ductus arteriosus, is a necessity in the closure 
of an aorticopulmonaiy fistula by division and suture. 

In the majority of the reported cases of this malformation in which an 
adequate description of the anomaly is included, the fistula has been quite 
similar anatomically to that Avhich we have been able to close. The average 
diameter of the communication in most instances was in the range of 10 to 12 
mm. The inferior margin of the fistula was usually several millimeters above 
the level of the pulmonary valve. Thus, it seems that the majority of con¬ 
genital aorticopulmonary fistulas are amenable to surgical closure by the 
method which has been described. This method does not seem to be applicable 
without extreme risk to the closure of a huge fistula of the type which extends 
do'wn to the level of the arterial valves as described by Dadds and Hoyle^^ or 
to the anomaly illustrated in Fig. 4. The presence of a sulcus, however small, 
which demarcates the lower extent of the fistula and permits dissection to be 
carried completely around the latter, is of considerable technical significance. 

Surgical closure of congenital aorticopulmonary fistula in individual cases 
has been accomplished recently by Gross^^ and by Varco’® by methods of liga- 
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tion or siitiire-ligation. The technique of division and suture would appear 
to offer a more accurate means of correction of a large uundowlike commiimea- 
tion het^yeen the great arterial truiilcs rvith less tendencv to recurrence of the 
fistula While undouhtedlv rare as compared to patent ductus arteriosus, con¬ 
genital aorticopulmonaiy fistula probably has a much greater incidence than 
indicated by the few reported cases. It is likely that the malformation wdl be 
recognized more frequently in the future ivith the current trend toward care¬ 
ful (Sagnostic evaluation of aU forms of congenital heart disease. 

SXJUU-IRV 

Congenital aorticopulmonary fistula is a rare cardiac malformation which 
results from an arrest in the development of the aortic septum. In an effort 
to devise a method of surgical treatment, the anomaly was reproduced in dogs. 
A technique for closure of the experimental fistulas by division and suture 
was worked out in the animals. This technique has been applied successfully 
in the closure of a 16 mm. aorticopulmonary fistula in a 10-month-old infant. 
Experimental and clinical aspects are briefly discussed. 
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PISCGSaOX 

dr. AAROX HIADIELSTEIX, Xew York.—Our erour, : 
diagnosis of this lesion, particularly in difiTercntiatin^ it from the 0 ^“' 
m ^hich the physical findings are unusual. I rvould like 

catheterization studies, if one is able to thread a eath t ! <=°®®ent that in the 

wtery septal defect, it WUl go up the arch of the aona Ind takrtt mu" thT^e^^el 
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of the aorta takes, ivliereas if one threads a catheter siicccssfull 3 - through a patent ductus 
it does not go through the arch of the aorta, hut sul)tends that arch and goes don-n the 
descending aorta. This jna}- be a feature that would lielp in the differential diagnosis of 
these two conditions. 

DE. ROSS ROBERTSON, Vancouver.—I am infensel)- interested in Dr. Scott’s 
excellent paper, because in operating on fortj'-fivc patients su.spected of having patent 
ductus arteriosus I have encountered four similar cases. Regarding the name, I would like 
to take issue with Dr. Scott, possiblj- because I am a Canadian and favor Maud Abbott’s 
terminolog.v of aortic septal defect, which is a defect in the septum which divides the 
truncus arteriosus into the aorta and the main piilmonaLv arteiy. 

I do not feel quite as sanguine about the preoperativo diagnosis as Dr. Scott. I ad¬ 
mire him for making the diagnosis in this case. Even postoperativelj’ we have been un¬ 
able to distinguish the cases definitely, in a clinical wn.y, from a patent ductus, the reason 
being, of course, that they have the same physiologic effect as a patent ductus. We have 
come to feel that if 3 ’ou have a ease of patent ductus which seems to be almost too good 
to be true, then you suspect this defect. If you have a child with symptoms of dyspnea, 
or undernourishment, or excess fatigue, and find an enlarged heart with a veiw loud con¬ 
tinuous murmur placed a little more mcdiallj’ than that of a patent ductus; if you have 
a verj’ high pulse pre.ssure with the diastolic pressure frequently falling to zero; and on 
x-ra}' examination, in addition to the large heart you see that the pulmonar.v vascular 
markings are greatly accentuated—then, 1 think, j-ou should suspect this defect. 

When we encountered this lesion at operation, there was no patent ductus, but there 
was a thrill over the main pulmonary- artciy close to the heart. On opening the peri¬ 
cardium the thrill was found to originate about one inch from the heart; and the main 
pulmonarj’ arteiy and aorta seemed to be fused together. Subsequenth', suspecting this 
defect, we produced a similar defect on a dog and did aortograms which demonstrated the 
defect. Aortograms on one of these children showed the same type of defect as produced 
in the dog. We have not had the courage to proceed any further, suspecting that the de¬ 
fect continued down to the pulmonary valves. I am grateful to hear Dr. Scott describe the 
little notch found between the defect and the pulmonary valve and permitting the applica¬ 
tion of forceps for repair. 

DR. ROBERT SHAW, Dallas.—About three years ago we saw a 5-j-ear-old boj- from a 
neighboring community who obviously had a congenital heart lesion. On fluoroscopy we 
learned that this child had enormous pulmonary arteries with a typical hilar dance. Angio¬ 
cardiography was not verj- conclusive but our radiologist felt that the diagnosis was prob¬ 
ably a large interatrial septal defect, although there were some features in the case that 
did not seem to be explained bj' this diagnosis. Wo advised the parents that as j-et we 
had no surgical procedure we could offer the child. About a j-ear and a half later this 
child suddenlj^ died while playing in the back yard of his home, and at autopsy it was 
found that he had an aorticopulmonarj' fistula, and that there had been rupture of the 
pulmonary artCrj' intrapericardially with sudden tamponade. 

DR. PRANK GERBODE, San Francisco.—I wish to compliment Dr. Scott upon his 
approach to this very- difficult problem. The experimental method he used in solving it is, 

I think, the one we should adopt more often in the solution of cardiovascular problems. 
We have encountered fistulous connections near the base of the aorta in five patients in 
whom exploration was carried out for patent ductus arteriosus. In each instance there was 
no ductus. One of these patients subsequently expired, and at necropsy we found a rup¬ 
tured aneurysm of the sinus of Valsalva. (Slide.) This slide shows a small connection 
just above the valve where there was a fistula leading to the right ventricle. This pro¬ 
duced a continuous murmur and blood pressure changes, like a ductus. Just beneath this 
there is a high septal defect which also contributed to the continuous murmur. 

In our cases cardiac catheterization was not of great help, although it did show a 
higher oxygen saturation of the pulmonary arterial blood than is usual with a ductus. In 
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other -n-ords, the differences TS-ere greater than one might expect with a normal ductus. 
In General, the continuous murmur was louder than it is with a ductus. We were unable 
to close the opening in any of these patients because of the proximity of the connection 
to the coronary vessels or to the valves. I thinlc this must be borne in mind in all these 
patients, because if one tries to close an opening low in the great vessels, one will en¬ 
counter this difficulty. In Dr. Scott’s ease it was possible to establish the proximal limit 
of the opening. This case will serve to stimulate further efforts toward developing methods 
of closing these defects. 

DK. SCOTT (Closing ).—X would like to thank the discussants for their interesting 
remarks. Dr. Himmelstein’s use of the catheter certainly should prove to be an excellent 
means of diagnosis if one is lucky enough to enter the fistula. I am very much impressed 
by the large incidence of this hitherto considered rare anomaly exhibited by the remarks 
of the discussants. I think there is one thing about the technical side of the attempts at 
closure of these defects that might be brought out; that is, that in the two cases we had 
an opportunity to examine, namely, the one at autopsy and the clinical case which was 
successfully divided, there was a difference in the proximity of the fistula to the aortic 
annulus and the annulus of the pulmonary valve. In other words, the base of the aorta 
lies lower than does the base of the pulmonary artery, so that the coronary arteries at 
their points of origin will be somewhat below the fistula if the fistula is associated with 
some kind of little sulcus to demarcate its lower extent. I believe this is an important 
technical point. 



PULMONARY FUNCTION AFTER MULTIPLE SEGMENTAL 
RESECTION FOR BRONCHIECTASIS 

Richard H. Overholt, M.D.,* James H. Walker, M.D.*’*'' (by invitation), and 
Benjamin Etsten, M.D.*‘*‘® (by invitation) 

Boston, Mass. 

B ronchiectasis may involve an 3 ^ of the eighteen segments which com¬ 
prise the five lobes of the two lungs. The disease is frequently bilateral, 
but rarelj’’ is there involvement of all the constituent segments of any upper 
or lower lobe. The right upper lobe, the two top segments of the left upper 
lobe, and the supei’ior segments of both lower lobes are seldom infected and 
usually compensate in size and function. 

Severity of sjTOptoms is not necessarily related to the extent of involve¬ 
ment, but relief of these symptoms is dependent upon the complete excision of 
the disease. The conservation of normal healthj’^ tissue is as much a part of 
the fundamental concept of surgeiy as the eradication of the disease. The in¬ 
tent of this basic concept is achieved bj'^ segmental resection in surgery for 
bronchiectasis. Segmentectomy presents the problem of greater technical 
difficulty and more diligent postoperative attention, but the ultimate advantage 
of preserving healthj’^ pulmonary tissue makes it desirable for the unilateral 
case as well as the severe bilateral case. 

The purpose of this paper is to present the results of postoperative 
pulmonary function studies on patients with segmental resection for bilateral 
and unilateral bronchiectasis. 


METHOD OF STUDY 

The results of this investigation comprise data from a group of fourteen 
unselected patients who had either unilatei-al or bilateral segmental resection 
one to seven years prior to studjL None of these patients had preoperative 
pulmonary function studies. All of them were admitted to the hospital for 
study. Pulmonary iihysiologic determinations were performed in the fasting 
state. Total spirometry was done in tlie morning and differential broncho- 
spirometry in the afternoon. Arterial bloods were drawn for gas analyses and 
pH deterimnations during the resting state. On another day, total lung volume 
measurements were obtained. 
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Ycntilation Studies.—Total vital capacity was performed with modified 
Benedict-Roth spirometer, and the timed capacity ivas measured ivith a idtal 
capacity spirometerd Oxygen consumption, tidal volume, respiratory minute 
volume (E.il.Y.), inspiratory capacity, and expiratory reserves Avere obtained 
using a balanced spirometer ivith soda lime in the circuit. The maximum 
breathing capacity (il.B.C.) ivas obtained using a Hans-Eudolph high velocity 
respiratory A’'alve and a Douglas hag.- The gas A\’as collected foi thiity 
seconds, measured by a Tissot spirometer, and reported in liters per minute at 
37° C. Avet. The best of three efforts is reported. The Avalking ventilation 
test consisted of a IcA'el AA'alk at the rate of 180 feet per minute for three 
minutes.^ The expired air Avas collected in a Douglas hag; the Amliime Avas 
measured like that of the M.B.C. and recorded in liters per minute at 37° 0. 

Avalking Amntilation 

Avet. The Avalking index Avas calculated from the equation;-MB"C- 

X 100.^ The predicted II.B.C. and A'ital capacitj- (V.C.) Avere calculated accord¬ 
ing to Cournand’s regression formulas.^ The air A-elocity index aa'RS calculated 
per cent of predicted il.B.C.' 


from the equation; - - ^ 

per cent of predicted V.C 

for oxygen Avas calculated from the equation 


Tlie ventilation eqiiiA'alent 
minute ventilation in liters 


minute oxygen uptake in c.c. 
This is reported as the number of liters ventilated per 100 c.c. oxygen removed. 

The hreatliing reseiwe mai^ he obtained from the equation: . 

M.B.C. 

Differential Broncliospirometnj. —^The patients AA-ere sedated with 75 mg. 
pentobarbital sodium and 0.6 mg. scopolamine thirty minutes before the start of 
the procedure. Laryngo-tracheo-bronchial anesthesia Avas obtained AA’ith 4 
per cent cocaine. A Carlens double-lumen catheter Avas inserted under fluoro¬ 
scopic guidance.*" Records of oxygen consumption, tidal exchange, respiratory 
minute volume, inspiratory reserve, expiratory capacity, and vital capacity 
AA'ere obtained on a tAA'iii recording spirometer. 

Arterial Blood Studies.—Arterial oxygen content, capaeitA-, and carbon 
dioxide determinations were made on 1 c.c. samples of AA’hole blood of the 
method of Van Slyke and XeilL* The arterial blood for pH Avas determined 
by a Beckmann model G glass electrode. The pH Avas corrected for a temnera- 
ture of 38° C.^ The carbon dioxide tension was calculated from the carbon 
dioxide content in volume per cent and the pH value from the nomogram of 
eteis and ^ an Slyke." Total carbon dioxide values in millimeters per liter 
were read from the chart of Peters and Van Slyke.*" ^ 

fn.. patient Avas allmved to rest in the supine position 

foi thiif} nuiuttcs previous to the uicasureuient of fnno+^^ *i i ^ 

h ■ 1? "PC’i Circuit Avith slight modification aatos used hffj 
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made from these determinations: functional residual capacity, residual volume, 
total capacity, and alveolar nitrogen content after seven minutes of oxygen 
breathing. 

CASE HI.STORIES 

These four cases serve to illustrate the value of segmentectomj'^ in 
hi onchiectasis by eradication of disease and conservation of healthv nulmonarv 
tissue. 

Case 1. Patient A. D. Inul unilateral broiieliicctasis vith a chronic abscess since the 
age of 3 years, which involved the left lower lobe, the lingula, and anterior segments of tlie 
left upper lobe. The involved segments were excised in .January, 1952. 

The studies in this patient are of fundamental significance because they provide the 
opportunity to evaluate the function of an individual bronchopulmonarv segment. 

The maximum respiratory muscular effort (M.B.C.) of 84.4 L. per minute, 67 per cent 
predicted, indicates that the total function is efficient for the total number of remaining seg¬ 
ments. 

This patient had a total lung capacity of 3.8 L., and the residual volume was 26 per cent 
of his total capacity. This indicates that emph 3 -senia is not present. The alveolar nitrogen 
index of intrapulmonaiy mixing is normal, further evidence of normalh' functioning lung 
tissue without empln'scma. 

The functional relationsliip between the one segment on the loft and the ton segments of 
the right lung show that the one segment contributes 22.6 per cent of the total oxj’gen con¬ 
sumption and 28 per cent of tlio ventilation. This clcarl.v demonstrates the value of con¬ 
serving one segment wliicli could bo lifesaving in anj' respiratory emeigencj-. 



Pat A.Q 

Unilat. 29yrs.M. 

MB.C. 84%,.. Pre.67% 
TVC. 80% 90% 9b% 

1 SEC. A SEC. 3 SEC. 

R-v/tc. 26 % 



RIGHT 10 SEG. 

LEFT 1 SEG. 

O, Cons. % 

77.4 

22.6 

Vent. % 

72 

2S 

V.C. % 

80 

20 

Vent. Eq. L./min. 

2.4 

3.2 


Fig. 1. 


Case 2. —Patient N. F. liad bronchiectasis involving the posterior and lateral basal seg¬ 
ments of the left lower lobe. An empj-eina at the left base had been drained in 1930. Follow¬ 
ing this, he developed a cough and occasionall 3 ' some purulent sputum, and on three occasions 
he had minimal drainage through the previous operative site. The involved segments were 
removed, and postoperativel 3 - there was a moderate air leak from the segmental surfaces for 
fort 3 '-eight hours. 

The pertinent problem in this ease was either to resect the entire left lower lobe or con¬ 
serve the normal segments and remove onl 3 ' the diseased tissue. The removal of the two ab¬ 
normal segments allowed the remaining segments of that lobe to participate with the left 
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upper lobe in 36.6 per cent of the total oxj-gen consumption. The left lieniidiaphragm was 
elevated and fixed due to surgcrr for empyema in 1930, and this may explain the decrease in 
vital capacity and the elevated ventilation equivalent as compared to the right lung. Eesidual 
volume and intrapulmonan,- mixing volume were normal. Tiic removal of two additional nor¬ 
mal segments most lihely would have further impaired the function of the left lung. 


R. L. 



Pat, N.f: 

Unilat. 53yrs.M. 

M.B.C. 8?:8%™. Pre74% 
T.V.C. 827. 90% 987 

1 SEC, 2 SEC. 5 SEC. 

RV/XC. 25% 


RIGHT 10 SEG. LEFT 6 SEC. 


0. Cons. <7c 

63.4 

36.6 

Vent. % 

59.1 

40.9 

V.C. % 

6S.S 

33.2 

Vent. Eq. L./min. 

4.64 

5.56 


Fig. 2. 


Ca.se 3.—Patient G. Z, was markedly incapacitated from severe bilateral basal bronchiec¬ 
tasis since early childtiood. The left basal segments were excised in February, 1950, and the 
right basal segments in June, 1950. There wore no postoperative complications. 

Tlie resection of only tliC diseased segments has not impaired pulmonary function. This 
IS ivcl! demonstrated by total function studios, differential broiichospirometrv, and arterial 
Mood gases. 


R. L. 
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Case 4.—Patient II. K. had the typical bilateral bronchiectatic pattern—basal segments 
bilaterally, right middle lobe, and lingula. In addition to severe cough, e.xcessive amounts of 
purulent sputum, and dyspnea, she had severe recurrent pulmonary liemorrhages. These 
sj-mptoms developed at the age of 14 or 15 years. The abnormal segments on the right were 
removed in October, 1948, and those on the left in April, 1949. Tlie postoperative course 
was normal. 

Tlio jVI.B.C. of 54 L. per minute on this patient ^vith only seven pulmonary segments may 
be considered as evidence of good %-entilatory function. Tlie timed vital capacity reveals nor¬ 
mal speed of air movement. Although the residual volume is 29 per cent of total capacity, the 
intrapulmonary mixing index is within normal range. This indicates that the patient has some 
overdistontion or compensatorj- emphysema without impairment of gas distribution. The 
differential bronchospiromotrj' indicates essential normal distribution of oxygen consumption, 
ventilation, and V.C. among the remaining segments. The left lung, however, ventilates more 
efficiently than the right. 


R. L. 



Pat H. K. 

Bilat. 29yrs.F. 

M.B.C. 54.6 Pre.58% 
IVC. 76% 85% 100% 

i SEC. 2 SEC. 3 SEC. 

R-Vtc. 29% 



RIGHT 4 SEG. 

LEFT 3 SEG. 

0. Cons. % 

58.2 

41.8 

Vent. 96 

G7.3 

32.7 

V.C. % 

CO 

40 

Vent. Eq. L./min. 

3.1 

2.1 


Fiff. 4. 


RESULTS 

The total results of this study are summarized in Tables I, II, and III. 
In the group ivith unilateral resection, the total function studies show that 
the fewer the number of segments excised the greater the percentage predicted 
of M.B.C. The walking ventilation, W.V./M.B.C. ratio, ventilation equivalent, 
and the speed of air flow on expiration in all the cases of this series were within 
normal limits. 

A comparison of the function of the normal lung and that of the operative 
side (Table III) illustrates the following: 

1. The percentage of oxygen consumption and ventilation increases with 
the number of segments conserved. 

2. Ventilation was slightly increased over that of oxygen consumption on 
the operative side. This slight inei-ease may be considered as a factor of the 
method, rather than impairment of segmental function. 

In the group with bilateral surgery, the parallel increase of percentage 
M.B.C. with the increase of number of remaining segments is similar to that of 
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Table II, Lung Volumes—Postsegmental Resection 
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the xuiilateral group. :Mild clinical dyspnea ^vas evident in only one ease 
(A.E.) following the exercise test. This patient was the only one of the group 
who had a timed rntal capacity of 70 per cent in one second (normal value lo 
per cent). The oxygen consumption is greater in the lung that has the greater 
number of segments (Table III). In five of the seven cases, on the side with 
the least number of remaining segments, the ventilation is less than the per¬ 
centage of oxygen consumption. 

Arterial blood gases were obtained in ten of the fourteen patients. The 
arterial oxygen saturation, pHs, pCO^, and total CO 2 were within normal 
limits on all of the patients studied (Table IH). 

Total lung volumes were obtained on eleven of the fourteen patients and 
the results are listed in Table II. In the unilateral surgical group all of the 
values were within normal limits. In the group with bilateral surgery, four 
patients had an increase in residual volume. Only one patient of the entire, 
group had an elevated alveolar nitrogen value after seven minutes of oxygen 
brealMng, 

DISCESSIOX 


Clinical .—Prior to surgery, none of the six patients with unilateral surgery 
were incapacitated so that they could not perform their normal, everyday 
activities. Following surgery, they did not notice any remarkable change in 
their clinical breathing reserve or exercise tolerairce, bid did note a dis¬ 
appearance of symptoms. 

Patient F. 3L in the unilateral surgery group did have bilateral bronchiec¬ 
tasis but only the diseased segments on the left (basal segments and lingula) 
u'ere z’esectecl. The symptomatic improvement Avas so mai’ked that surgery 
on the right was deferred. The differential study indicates that the three 
segments on the left side now contribute approximately 40 per cent to the 
total oxygen consumption aird veirtilatiou as compared to the ten segments on 
the right. Of the ten segments in the right lung, six of these are bronchiectatic 
and presumably are not coutributiug much to the patient’s pulmonary function. 

Patient L. R. had frequent, severe pulmonary liemorrhagcs, and bronchog¬ 
raphy demonstrated cystic hronchiectasis of the lingula and the superior 
segment of the left lower lobe. If the unit of cxcisiozi had been lobe instead of 
segment, it Avould have been necessary to excise the entire left lung to do 
away with this patient's symptoms. Size now has fifteen segments remaining 
in the Uvo lungs, with ten on the right and five on the left, and a differential 
study indicates that the remaining five .segments on the left contribute abmu 
onc-third of the total function. 


Of the eight patients with bilateral hronclueetasis. onlv Uvo were able to 
carry on any resend,lance of normal actirity prior to surgerV. Cliuicallv thev 

m sexeud cases, severe pulmonary hemorrhages. Thev hax-e noteU i i 
nnprovemont in their exorcise tolerance and breathing reserve and 
appearance of the symptoms since suvgerv ^ ® 
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Patient A. E. had extensive sacculai’ bronchiectasis involving the right 
middle lobe, light lower lobe, and basal segments of the left lower lobe. He 
had been unable to attend school or to work because of the severe symptoms. 
Since surgery, this patient now works an eight-hour day, climbs two flights of 
stairs without dyspnea, and is free of cough and sputum. 

Patient F. 0. is a dS-j^ear-old priest who now has only six segments, or 
one-third of the total number in normal individuals. Four of these are on the 
right and two on the left and postoperative bronchograms are normal. 
Differential studies showed normal distribution of oxj'gen eonsumption, ventila¬ 
tion, and vital capacity. His jM.B.C. is 66.9 liters per minute, ventilatory 
equivalent is 2.36 liters, and he does have a residual volume of 42 per cent of 
his total capacity, indicating some pulmonary eraphj'seina or overdistention. 
This degree of emphj'sema has not caused clinical dj^spnea, and this patient 
can perform his required activities now for the first time in many years. 

Patient C. F. had extensive bronchiectasis involving the left lower lobe, 
lingula, right middle lobe, and the anterior segment of the right upper lobe. 
The left lower lobe was removed in December, 1943, the lingula in 1947, and 
the involved segments on the right in 1948. She now has only 50 per cent of 
her total number. 

Pulmonary function studies were first done in 1947 (prior to lingulectomy) 
and showed a M.B.C. of 74 L. per minute or 80 per cent predicted, walking 
ventilation of 12.5 L. per minute, and ventilation equivalent of 2.9 L. per 
minute. These studies were repeated following a lingulectomy, right middle 
lobectomy, and resection of anterior segment of the right upper lobe. It can 
be seen that removal of the additional segments (three on right, two on left) 
did not materially impair the mechanism of ventilation as shown bj'^ the M.B.C. 
The functional relationships between the right and left lung were also not 
altered. This case clearly demonstrates the beneficial effects of segmental 
surgery; namely, (1) eradication of diseased segments plus symptoms, and 
(2) conservation of normal pulmonary tissue and function. 

Physiologic .—Preoperative pulmonary function studies were not obtained 
in this sei'ies for the following reasons: 

1. The presence of abnormal amounts of secretions in the bronchial system 
obstructs air flow in bronchi of normal segments and causes an increase in 
ventilatory effort. 

2. Excessive secretion impedes oxygen consumption. 

3. In unilateral eases, the normal lung compensates for the altered function 
of the involved side. 

Postoperative pulmonary function studies in the unilateral and bilateral 
groups indicate that segmental pulmonary resection does conserve the in- 
tegi’ity of a large number of factors related to ventilation. A comparison of 
the determined M.B.C. to predicted value is recorded in Fig. 5. As there is 
an increase in the number of healthy segments, the determined M.B.C. 
approaches the predicted value for normal. This only emphasizes the im- 
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portance of the segments as the miit of excision in treating bronchiectasis. 
The determined M.B.C. is low in some of the patients bnt these valnes do not 
correlate with their clinical respiratory reserve. This supports Comroe’s^^ 
contention that reduction in M.B.C. must be large to he significant because 
there can be individual deviation of 25 to 35 per cent of mean group values. 
Each conserved segment contributes to oxygen consumption and ventilation. 
This is well demonstrated in jJatient A.D. The one remaining segment on the 
left side participates in 21 pei' cent of the total oxj'gen consumption. The 
comparison of percentage ox 3 ^gen consumption to percentage ventilation of the 
conserved pulmonarj’ segments demonstrates efficient function. In the bi¬ 
lateral group, the side that had the greater jiumber of segments removed 
ventilated within normal limits. 

The four patients Avith an increased residual Amlume had the least number 
of remaining segments— dYo, 6, 7, and 8 (Fig. 6). These findings are con¬ 
sistent with overdistention and most likelj’’ represent hj'perinflation rather 
than true emplij^sema. The normal ah'eolar nitrogen values represent adequate 
intrapulmonaiy mixing of gases (Fig. 6). This supports the belief that hjq)er- 
inflation does not cause pulmonaiy disabilitj'. 

Dissection of the diseased pulmonaiy segments with a minimum of opera¬ 
tive manipulation of the healthj' segments, plus a minimum of postoperative 
respiratoiy complications, are important etiological factors in preserving 
normal function in the remaining lung tissue. 

CONCLUSION 

The pulmonaiy function studies in this series, following unilateral and 
bilateral segmental resection for bronchiectasis, demonstrate the neccssitj' of 
saving normal lung segments. 
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discussion 

DK. J. GORDON SCANNELL, Boston.—I slioiild liiic to confine my rcmnrlis to one 
aspect of Dr. Overliolt’s excellent presentation. It lias oceiirrecl to us that one imi\ 
question the propriety of a simultaneous liilateral resection on other than tecliiiical grounds. 
It has heen both iny training and iiiy experience that in bronchiectasis one should be 
guided more by the demonstrated liability of a segment to a patient rather than by the 
radiologic diagnosis. We have frequently found that in a proposed bilateral program rve 
have done one side and found it unnecessary to do the second side. Particularly has this 
been true in the scattered, radiologically involved segments which, in fact, may be merely 
scars of disease and may actually be doing some good in a patient’s chest by occupying 
space. 

DR. C. E. O’BRIEN, Ann Arbor.—The matter of bilateral pulmonary resection has 
raised certain problems which have been of considerable interest to us. ’rhere is, first, the 
question of how much pulmonary tissue may be removed .allowing the operation to be 
compatible with life and with a reasonable degree of activity. Second, there is the matter 
of what happens to the remaining pulmonary tissue, and one thinks of the problem of over- 
distention as well as the pulmonary vascular resistance which may develop, with its clVect 
on the funetion of the right heart. Third, we have been interested in the matter of the 
optimum time for operation upon the second side, and I am much interested to hear the 
idea proposed of simultaneous operations. 

Our series is a long-range study, of course, but thus far our cases have demonstrated 
certain findings rather consistently. First, each patient who has had bilateral resection 
has demonstrated some degree of impairment of ventilatory function, diminution of vital 
capacity, and maximum breathing capacity. Second, each patient has shown some over- 
distention of the remaining pulmonary tissue as evidenced by the increase in the ratio of 
residual air to the total capacity. Third, there has been a tendency toward a low resting 
arterial oxygen saturation which is accentuated by exercise. And last, there have been 
changes in the ventilation equivalent suggesting that the function of the remaining pul¬ 
monary tissue is somewhat less efficient than normal. 


I have a few .slides which I thought might illustrate one or two things we have ob¬ 
served: (Slide.) This is a young -ivouian 20 years of age who had thirteen segments re¬ 
moved, having had the lingula of the left upper and the left lower and also the right 
middle and right lower lobes removed. You will notice that there is a diminution in 
ventilatory function and there is some increase in residual air. I think probablv the 
Utter is ominous from the point of view of what is going to happen to this voung woman 
m years to come. You will notice that while there is slight evidence of arterial oxvgen 
desaturation, it is not striking. This young woman lives a normal life; she works full'time 
and enjoys dancing and bowling and such activitie.s. 


(.Slide.) On the other hand, this patient is 3T years of age, with both lower lobes 
removed. Phis illustrate.s, we believe, certain important princiules The , n 
recognized to have, in addition to bilateral lower lobe disease i .> ■ • i 
bronchiectasis in the anterior segment of the left upper lobe It' " amount of 

mal, but when that segment of the left upper lobe lost the nd - I 

as adequate drainage is concerned, he began to har-e much mor ° Position so far 

-H....... i 
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povtaiice of the segments as the unit of excision in treating bronchiectasis. 
The determined j\I.B,C. is low in some of the patients but these values do not 
correlate with their clinical respiratory reserve. This supports ComroeV^ 
contention that reduction in M.B.C. must he large to he significant because 
there can be individual deAuation of 25 to 35 per cent of mean group Amities. 
Each conserved segment contributes to oxygen con.sumption and ventilation. 
This is Avell demonstrated in patient A.D. The one remaining segment on the 
left side participates in 21 per cent of the total oxygen consumption. The 
comparison of percentage oxygen consumption to percentage Amntilation of the 
consei'Amd pulmonary segments demonstrates efficient function. In the bi¬ 
lateral group, the side that had the gi’cater number of segments remoA'ed 
ventilated Avithin normal limits. 

The four patients Avith an increased residual Amlume had the least number 
of remaining segments—SVo, 6, T, and 8 (Fig. 6). These findings are con¬ 
sistent AAuth overdistention and most likely represent hyperinflation rather 
than true emphysema. The normal alveolar nitrogen values represent adequate 
iutrapulmonaiy mi.xing of gases (Fig. 6). This supports the belief that hyper¬ 
inflation docs not cause pulmonary disability. 

Dissection of the diseased pulmonary segments Avith a minimum of opera¬ 
tive manipulation of the healthj' segments, plus a minimum of postoperative 
respiratory complications, are important etiological factors in preserAung 
normal function in the remaining lung tissue. 

CONCLUSION 

The pulmonaiy function studies in this series, folloAving unilateral and 
bilateral segmental resection for bronchiectasis, demonstrate the necessity of 
saving normal lung segments. 
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DISCUSSION 

DR. J. GORDON SCANNELD, Boston.—I should like to confine my reniark.s to one 
aspect of Dr. Overliolt’s excellent'presentation. It lias occurred to us that one may 
question the propriety of a simultaneous bilateral resection on other than technical grounds. 
It has been both my training and my experience that in bronchiectasis one should be 
guided more by the demonstrated liability of a segment to a patient rather than by the 
radiologic diagnosis. IVe have frequently found that in a proposed bilateral program ^Ye 
have done one side and found it unnecessary to do the second side. Particularly has this 
been true in the scattered, radiologically invoh-ed segments which, in fact, may be merely 
scars of disease and may actually be doing some good in a patient's chest by occupying 
space. 


DR. C. E. O’BRIEN, Ann Arbor.—The matter of bilateral pulmonary resection has 
raised certain problems which have been of considerable interest to us. There is, tirst, the 
question of how much pulmonary tissue may be removed allowing the operation to be 
compatible with life and with a reasonable degree of activity. Second, there is the matter 
of what happens to the remaining pulmonary tissue, and one thinks of the problem of over¬ 
distention as well as the pulmonary vascular resistance which may develop, with its effect 
on the function of the right heart. Third, we have been interested in the matter of the 
optimum time for operation upon the second side, and I am much interested to hear the 
idea proposed of simultaneous operations. 

Our series is a long-range study, of course, but thus far our cases liave demonstrated 
certain findings rather consistently. First, each patient who has had bilateral resection 
has demonstrated some degree of impairment of ventilatory function, diminution of vital 
capacity, and maximum breathing capacity. Second, each patient has shown some over- 
distention of the remaining pulmonary tissue as evidenced b.v the increase in the ratio of 
residual air to the total capacity. Third, there has been a tendency toward a low resting 
arterial oxygen saturation which is accentuated by exercise. -\nd last, there have been 
changes in the ventilation equivalent suggesting that the function of the remaining pul¬ 
monary tissue is somewhat less efiicient than normal. 


I have a few slides which I thought might illustrate one or two things we have ob¬ 
served: (.Slide.) This is a .voung woman 20 years of age who had thirteen segments re¬ 
moved, having had the Rngula of the left upper and the left lower and also the right 
middle and right lower lobes removed. Tou will notice that there is a diminution in 
ventUatory function and there is some increase in residual air. I think probably the 
latter is ominous from the point of view of what is going to happen to this voun.^ woman 
m years to come. You will notice that while there is slight evidence of arterial oxvgeu 
desaturahon, it is not striking. This young woman lives a normal life; she works fuu'time 
and enjoys dancing and bowling and such activities. 

removed. This Illustrates, we believe, certain important principles. The man was 
recognized to have, in addition to bilateral lower lobe disease a lalnt 7 
bronchiectasis in the anterior segment of the left upper lobe. It wa tn of 

mal, but when that segment of the left upper lobe lost the adv ^ r mini- 

as adequate drainage is concerned, he be^an to have much m Position so far 

........... ...«... t.: 
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of impairment, particularly in the maximum breathing capacity, less in the vital capacity; 
the intrapulmonary mixing is very poor, and you will notice the great degree to which this 
man desaturates the arterial blood on exercise. We wonder about the point at which the 
function is lost in patients such as this. I might say that this man suffered a complicated 
postoperative period with bronchial fistula on the left side which prolonged the con¬ 
valescence and resulted in certain pleural changes, which we think are responsible for 
some of this impairment of function, as is the residual disease. 

(Slide.) So to get at the basis of this we thought that it would be interesting to 
know how the remaining pulmonary tissue on the side of resection functions immediately 
after operation. These are observations which ivere made immediately after operation with 
the patient still under anesthesia. We were surprised to notice the relatively good function 
of the remaining pulmonary tissue. In some cases the oxygen uptake was actually in¬ 
creased, in other eases in which abnormal tissue was removed the ventilation equivalent 
was improved, and in general it ma.v be said that the immediate postoperative function, 
so far as can be determined, is surprisingl 3 ' good. We think this emphasizes the point 
which has been mentioned bj' others, nainelj', that what happens to the pleura because of 
complications in the postoperative period is of exceedinglj’ great importance in the final 
functional picture. 

In summary, I would like to say that I am in complete agreement with the principle 
of preserving all normal pulmonary tissue. I think this is important from the point of 
over-all function obtained from the segments which are preserved, and it is also important 
from the point of view of taking up the space which would have to be filled bj' overdis¬ 
tention of the remaining segments, if normal segments were removed simplj- for the pur¬ 
pose of doing a total lobectomj’ rather than segmental resection. Second, one must be¬ 
ware of bronchiectasis which appears to be of little significance initiallj’, which is in a 
favorable position for bronchial drainage from the upper lobes, but which loses this 
favorable position and becomes dependent and s.vmptom-producing when it serves to fill 
the space it must occupj' after lower lobe resection. Third, I will reiterate that early 
postoperative pulmonary- function is surprisingl.v good in the segments remaining on the 
side of operation, and one must bend everr- effort to prevent postoperative pleural com¬ 
plications in an effort to preserve this function. 

DE. OSLEE ABBOTT, Atlanta.—I should like to mention one factor in regard to 
resection and the loss of a major amount of lung tissue in the presence of a large amount 
of dead space. It is a ver.v simple matter to make a suture purse string in the diaphragm 
and insert a catheter into the peritoneal cavitj-, creating a pneumoperitoneum just 
before closing the chest. His comfort, postoperative!}', is increased; his diaphragmatic 
function and his temporary pulmonary disturbance from overdistention of the lung will be 
greatly aided. 

DE. OVEEHOLT (Closing.).-^I)r. Seannell has brought up a very important point 
about the evaluation for the need of doing the second side in bronchiectasis. It happens 
that we have seen some 220 patients with bilateral bronchiectasis and elected to do 
bilateral surgery in only seventy cases. I agree that it should be clearly evident that 
bilateral resection will be required before such treatment is planned. Clinical evaluation, 
character of the bronchial dilatations, and bronchoscopic study may clearly indicate that 
the extent of the septic reservoir on both sides requires removal. It is then possible to 
tell in the beginning that a particular patient may or may not need to have both those 
septic reservoirs removed. In the selection of cases or in proposing surgical treatment, 
every surgeon must place himself in the position of the patient and do for him what he 
thinks he would like to have done for himself. In the particular cases we selected for 
bilateral resection, it was decided that if I were in the patient’s place, I would like to have 
my problem managed in that particular way. I should point out, however, that probably 
the number of cases that may be handled that way are very few, and each surgeon has to 
make his own decision and work out his own solution for the problem that will provide 
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the greatest factor of safety. YVe did it in order to eliminate the spillage from the con¬ 
tralateral side. 

It might have been interesting if we could have had preoperative function studies 
made in all of the cases included in this report. There were four reasons why we did not 
have these studies: first, the presence of abnormal quantities of secretion in the bronchial 
system obstruct air flow in normal segments and cause an increase in ventilatory effort; 
second excessive secretion impedes oxygen consumption; third, in the unilateral cases, the 
normal lung compensates for altered function of the involved side; fourth, at the time 
most of these studies were done, we did not have the physiology laboratory setup to do the 
studies—which fact alone provides an adequate reason for not having had preoperative 
studies in these particular patients. 

Dr. O’Brien, in his very excellent discussion, brought out an interesting point. That 
is, that in the very early studies of function, immediately after partial lung resection, 
function as measured may be extremely good and that possibly some of the late dis¬ 
turbances in function are most lihely due to the effect of pleural constriction. This em¬ 
phasizes the great need for careful attention in the postoperative period to immediate re¬ 
expansion of remaining segments and removal of air and fluid from the pleural space. 

It might be of interest to interpose a brief comment about other technical matters: 


1. In bilateral cases, which side should be treated first? It has been our practice to 
remove the disease in the side which constitutes the greater burden. If it can be deter¬ 
mined by symptoms, x-ray examination or bronchoscopy which side is acting as the 
principal reservoir for the collection, concentration, and stagnation of secretions, those 
segments should receive first attention. In a significant number of cases, all symptoms or 
constitutional effects of the disease disappear or are so minimal that excisional therapy 
on the side of lesser disease may be indefinitely postponed. 

2. It has been our observation that the postoperative management of patients may be 
complicated after the first single-sided operation. One is confronted with problems of re¬ 
expansion on one side while the remaining segments are bathed in secretions from the con¬ 
tralateral septic reseri-oir through the intercommunicating bronchial system. To solve the 
problem of the flooding of the remaining healthy segments with material from the contra¬ 
lateral lung in bilateral disease, we have, for some time, toyed with the idea of completing 
the excision of all abnormal segments, even if bilaterally situated, in one stage. 

3. From a group of seventy patients in whom a bilateral operation has been com¬ 

pleted, in two instances a one-stage bilateral operation was done. In one other patient 
(nonbronchiectatic), who suffered from bilateral disease which required excisional therapy 
the treatment was completed in one stage.* ' ’ 

(Slide 1.) A 46-year-old woman suffered from bronchiectasis in the inferior subseg¬ 
ment of both anterior segments, the right middle lobe, and the lingula. YVith the patient 
in the prone position, the diseased segments on the right side were removed on Jan S 1950 
YVhile the wound was being closed, a left thoracotomy was made and the involved segments 
on that side were removed. The patient’s convalescence was prolonged because of the 
ueces.sity to dram a small localized empyema which developed in an anterior location 

Offending organisms were resistant to antimicrobial agents. The hospital stav extended 
over a period of twenty-six davs. ' lenueu 


(Slide 2.) A 29-year-old woman had a ten-vear histnrv i - - 

middle lobe, and the left basal group, and lingula. On'Jan. 26, 195^^]^ Teft side"j'’^ 
treated flrst and since every detail of the procedure was pvnpd:t;« i’ * f ^ 

deemed safe and advantageous to resect the middle lobe inm r t i”^ executed, it was 
The convalescence was uneventful, and the paUe„ Ja^ 

operative day. discharged on the thirteenth post- 


Bilateral Pulmonarj- Seementa? RS’ecUon? lSa"NeirEng"an® M.^CenteTl^. T 
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(Slide 3.) A 53-year-old man had a survey lesion. An abnormal shadow suggestive 
of a primary tumor 'was found in the right upper lobe and a discrete “coin” shadow in the 
left upper lobe. On Feb. 7, 1052, a right thoracotomy revealed a mass in the contracted 
posterior segment and, after its removal, a tuberculous lesion was found. While the wound 
was being closed, a second team opened the left chest where a discrete hamartoma was 
found which was removed by enucleation. Convalescence was uneventful, and the patient 
was discharged on the tenth postoperative day. 

None of the three patients required tracheal or bronchoscopic aspiration postopera- 
tivel}'. Ee-expansion was satisfactory in all cases. None experienced more than the 
average amount of discomfort. There was no appreciable splinting of the thoracic cage 
nor was there dyspnea. 



THE INDICATIONS FOR AND THE RESUI.TS OF COH]MISSUROTOI\lY 

FOR illTRAL STENOSIS 

Robert P. Glo^-er, i\r.D, Thomas J. E. O’Neill, i\I.D., James S. C. Harris, 
jM.D. (by ixviTATiox), AND 0. Hekry Jaxtox, jM.D. (by ixmtation) 

Philadelphia, Pa. 


qELDOM in the history of the medical profession has the introduction of a 
O single surgical procedure so revolutionized tlie tlierapeutie demeanor and 
prognostic thinking toward a common disease entity as has commissuiotomj foi 
mitral stenosis. In five short years of pioneer effort, tlie phj'sieal and mental 
dissolution of the patient suffering from this disa.strous and cicatricial end le- 
sult of rheumatic fever has been revitalized and remodeled to an attitude of 
hope and assurance. Indeed, the demonstration that tlie left atrium of the heait 
can be entered at will to reconstruct surgically the obstructed mitral vahe has 
paved the way for similar approaches to each of the other valves and has led to 
the establishment of intracardiac surgein' as a definitive specialty. 


Three years ago, before this association, our initial efforts in the field 
of valvular surgery were reported.* Much skepticism was engendered in the 
minds of both protagonists and antagonists. The fact that in years gone by 
a number of attempts to overcome mitral obstruction had terminated fatally 
in the hands of highly competent surgeons tended to dull and becloud the 
reception of a possible repeat performance. The demonstration, however, 
that the release of obstructed valves could be accomplished without the simul¬ 
taneous production of lethal or even significant valvular insufficiency—origi¬ 
nally considered to be the inevitable corollary to such surgery—^I’estored to 
reality the hopes and dreams of manj’ investigators both living and dead 
whose original efforts had until recently remained unheralded. 

It is the purpose of this article to present the complete data pertaining 
to our first 256 consecutive commissurotomies for mitral stenosis. Previous 
communications have reviewed the contributions of the many iuA'estigations 
in this field.=-" These reports have also detailed the pathologic and physio¬ 
logic considerations of this valvular deformity, together wnth the technique 
employed for its surgical correction.*”-*^ It is, therefore, sufficient to state 
here that mitral commissurotomy is a procedure in which the individual 
anatomic leaflets of the stenotic valve are separated. By incisino- the anffies 
or commissures of the mitral slit its obstructing effect can be overcome and 
a cons iderable degree of valve function can be re-established. It is to be 
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noted that no valve tissue is removed, thus allowing the liberated though 
thickened and deformed valve leaflets to open during ventricular diastole 
and approximate during ventricular sj^stole without the production of addi¬ 
tional significant regurgitation (Fig. 1). 



A. B. 

Fig. 1.—View of tlie stenotic mitral valve cone from the left ventricle. A, Right index 
anger and Giover-Avorj’ guiilotino knife in position for incision ot anterolateral commissure. 
B, Anteroiateral commissure completely separated greatly enlarging the oridee with partial 
restoration of valve function. 


ANALYSIS OF CASES 

We have performed 256 mitral commissurotomies from Feb. 2, 1949, to April 
30, 1952. Fifty-three of these have been performed since Jan. 1, 1952, and 
except for mortality data are not included in the statistical analj’^sis at this 
time. Similarly, thirty-nine others were i^erformed for and with other tho¬ 
racic surgeons on their own services throughout the country by invitation. 
These will be reported in detail by them at some future time. The operative 
mortality rate for the entire series was 5.4 per cent, and the over-all mortality, 
including late deaths, was 7.8 per cent (Fig. 2). These later deaths occurred 
almost exclusively in stage V cases, over six months after surgery, from a 
continuation of their irreversible eardiovalvular and pulmonary vascular dis¬ 
ease unaffected by surgical intervention. 

The body of this report concerns itself with the remaining 164 consecu¬ 
tive cases with a six-month to three and one-half year follow-up period for 
analysis. A lapse of at least six months is essential before results may be 
evaluated, for experience has shown that in many instances at least this pe¬ 
riod of time must pass before the patient can fully appreciate the full sub¬ 
jective benefits of surgery. Actually, a longer period is often required before 
all objective evidences have become stabilized. 
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Of these 164 cases, 118 were female patients and 46 were male. Tlie 
yonngest was 4 years of age and the oldest was 59, with an average age of 
k years. Most of these patients were far advanced in the course of tlieir 
diskse and represented the late or terminal stages of mitral stenosis. ^ They 
have been grouped according to our previously published classification as 
shown in Table I. 


T.vble I. St.\ges of Mitr.\e Stenosis 




[ HEATHS 1 

1 MORTALITY % 

STAGE 

^CUMBER 1 

opera¬ 

tive 

BATE 

OPERA¬ 

TIVE 

LATE 

I. Asymptomatic 

0 

0 

0 

0 

0 

II. StaticaUv incapacitating 

ii 

0 

0 

0 

0 

m. Progressiyely incapacitating 

105 

5 

1 

■i. 7 

.9 

TV. Terminaliv incapacitating 

32 

3 

0 

9.3 

0 

V. Irrerersible 

13 

2 

s 


61.5 

Total 

Over all Mortality 

164 

10 

11.5% 

9 

6.0 

5.4 


This classification has been prepared in an effort to combine a functional 
and therapeutic yardstick for evaluation of the patients for surgery. Stage I 
includes those with the auscultatory findings of mitral stenosis but who as yet 
have no symptoms. Cases in stage II have progressed to the point where sj-mp- 
toms under physical actiMty have developed, but the patient, living within his 


MORTALITY .(operative) 


4.0% 


6.3% 



3 deaths 



1951 

125 cases 
5 deaths 


4.0% 



3 deaths 

(thru April 30th) 


256 cases - 14 deaths 


• mortality 5.4 % 


Fig. 2 ._Mitra, con^a^issurotomy. shelving mortality staUsties Es’ years from Feb. 2 . 1949. 

own limitations, remains on an even plateau. Stage III, the largest group and 
one encompassing many variables, takes in those who, despite the best m^e’dieal 
therapy, are losing gimind. Stage IV, terminally incapacitating, is made up 
of those patients in whom there is constant evidence of cnT.o-o«+ivr r -i ° ^ 

Mo. „ 
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of thcii- aecuiinilating tissue fluid only by the strictest of medical regimens. 
A certain small percentage of those in this group will ultimately prove after 
surgery to have been in sfar/c V and to have had irreversible changes. As yet, 
it has been impossible to separate routinely the patients in these two stages by 
clinical and physiologic methods; hence, \ve reserve stage V to classify those 
whose condition, despite a technically adequate commissurotomy, remains rela¬ 
tively unchanged. 

Status Prior to Admission .—Progressive dyspnea and fatigue were present 
in varying degree in each of the 164 cases (Table 11). lu addition to this 
evidence of cardiopulmonary disability, 110 i)aticnts had already progressed 
to the stage of right heart (congestive) failure as evidenced by one or more 
episodes of hepatomegaly, ascites, and peripheral edema; 59 had had one or 
more attacks of frank hemoptysis, in several instances to an almost exsangui¬ 
nating degree. This does not include the many who had expectorated froth}' 
material during bouts of pulinonai-y edema. 


Taboe II. States Priou to Akmissio.k 


Progressive dyspnea and fatigue 

104 


Conge.stivc heart failure 

110 

07.1% 

Hemoptysis 

59 

35.9% 

Arterial enibolisiu 

21 

12.8% 


In twenty-one patients, cerebral, visceral, or peripheral emboli had oc¬ 
curred on one or more occasions. Of these, fourteen had auricular fibrillation, 
seven had normal sinus rhythm, and all but six had a histor.v of one or more 
attacks of congestive failure. It is of considerable interest that only nine of 
these had gross thrombi in the left auricular appendage at operation. In one 
additional case the pathologist was able to report the presence of a small 
thrombiis deep in the trabeculae of the excised appendage which was not 
noted during the commissurotomy. Of greatest significance is the fact that 
no recurrent embolic episodes have occurred in any of these twenty-one cases 
(longest three years). It has been previously emphasized that ligation of the 
base of the left auricular apiiendage was responsible for this result. How¬ 
ever, of equal if not greater importance would seem to be the relief of left 
atrial stasis accomplished by opening the valve. 

Table III. Admission' Fixpin'gs 


‘ ‘ Pure' ’ mitral stenosis 
Mitral stenosis with insufficiency 
Jlitral stenosis with insufficiency and 
aortic insufficiency 

Mitral stenosis with aortic insufficiency 
Loft ventricular enlargement (x-ray) 
(large normal to luininial) 

Auricular fibrillation 
Congestive heart failure 
Electrocardiogram: RAD 
NAD 
LAD 


97 

42 
11 

14 

24 

09 (42%) 

43 (20%) 
140 

23 

1 
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Stains Upon Admission.—In the initial phase of this surgical program, 
every attempt was made to select cases of relatively pure mitral stenosis to 
insure a proper base line for evaluation of the surgically treated stenotic 
valve alone (Table Till. It has since become apparent that the auscultatory 
fiudinss of a minimal to moderate systolic mitral and/or aortic systolic or 
diastolic murmurs in addition to the classical mitral diastolic murmur may 
be of little consequence provided mitral stenosis is the predominant factor in 
the production of the patient's disabling symptoms. Ninety-seven were classi¬ 
fied as “pure” mitral stenosis ivhen no regurgitant jet could be felt by the 
exploring finger at the time of surgery. Prior to this, on purely auseultatory 
grouuds, at least one-third of these had been thought to have associated mitral 
insufficiency wliicli could not be corroborated at the operating table. It is there¬ 
fore felt that, contrary to classical teaching, pure mitral stenosis can and, not 
infrequently, does occur without accompanying regurgitation. In forty-two cases, 
there was an associated minimal (grade 2 ^stolie murmur) mitral insufficiency, 
and in seven others there was aortic insufficiency of minimal degree. In four¬ 
teen indiiiduals a mitral diastoUe nimble and an aortic diastolic munnur were 
the only mimmui-s heard. Foiu- others were also complicated by the presence 
of an aortic systolic murmur of minimal degree. 

In the selection of cases for surgerj*, it is obmous that the careful ausculta- 
, tory examination by an experienced cardiologist is paramount. The recognition 
of a typically uncomplicated mitral stenosis by stethoscopic methods presents 
no problem. The difficulty does not lie uith this tiqie of individual but rather 
with the patient who presents evidence of coexisting mitral stenosis and in¬ 
sufficiency, or multivalvular disease. Here, one must decide whether the mitral 
stenosis is the predominant lesion. Expert fluoroscopic and radiologic evalua¬ 
tion, with emphasis on individual chamber enlargement, can be of inestimable 
value in this respect. 

One himdred forty of the eases presented a normal left ventricle, and in 


twenty-four there seemed to he minimal enlargement. In these tweutx*-four, 
mitral insufficiency or associated aortic valvular disease was dijnamicatty 


e.xpressing its presence by enlargement of the left ventricle, a finding which 
we have come to regard as evidence tending to contraindicate surgery. Slight 
enlargement of the left ventricle, due to mitral insufficiency, is not an abso¬ 
lute contraindication but suggests the possibility of a more equivocal .surgi¬ 
cal result. If left ventricular enlargement is due to an aortic valmilar lesion 
commissurotomy might be questioned at tliis time, although recentiv two cases of 
pure mitral and aortic stenosis in which both valves were opened at the same 
operation have been treated veiy snecessfuUr. The recognition of minor decrees 
of left veutrieidar enlargement in the presence of a markedlv enlar«Ted riffiit 
ventricle may well be perplexing. Enlargement of all chambm-s of the heart 
IS an absolute contraindication. 


Auricular fibrillation is not a contraindication to surgerv per se unless 
the ventricular rate is entirely uncontrollable. Sixtr-nine natiPr.tl LoU ■ 
lar fibrillation, and the eventual results have compared onite i f ^ f 
those who had sinus rhythm. ^ a'^'orabh* ^nth 
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Foi-ty-three patients presented themselves in various stages of congestive 
heart failure, although many others were known to have been in this state 
prior to admission. In all but thirteen this failure was well controlled before 
surgery, wherein there existed many years of chronic failure. Except for 
minimal clinical evidences, these too eventually responded. The period of 
medical preparation of patients in this status was more prolonged, and in sev¬ 
eral instances six weeks or more were required. Some of the more dramatic 
results were achieved in this group after a prolonged period of convalescence. 

The importance of hypertension of the pulmonary circulation in the nat¬ 
ural history of mitral stenosis has been appreciated for many years. Such 
classic symptoms as dyspnea, orthopnea, and hemoptysis have been thought to 
be indications of inci’eased pressure in the pulmonary vascular bed. The 
roentgenologist and pathologist have supported the clinician’s contention of 
the importance of pulmonary hypertension by describing hypertrophy of the 
right ventricle, marked enlargement of the left atrium and pulmonary artery, 
and sclerotic changes in the large and small pulmonary arteries. 

In patients with mitral stenosis, right heart catheterizations have recorded 
high s 3 ’’stolic pressures in the right ventricle. Borden and his associates’® 
found a rough correlation between the degree of pulmonaiy artery hyperten¬ 
sion and the clinical manifestations. Comparable findings and correlations 
were observed in forty-five of our first fifty patients in whom catheterization 
of the right heart was done. The upper limit of the pulmonary artery pres¬ 
sure found in this laboratory in noi’mal subjects is 30/10 mm. Hg. As might 
be expected, the higher the pressiu’e in the pulmonary artery, the closer the 
correlation with the clinical and roentgen findings. Usually a sj’-stolio pul¬ 
monary artery pressure of 50 mm. Hg or greater was associated with a his¬ 
tory of prolonged functional disabilitj’", episodes of acute pulmonaiy conges¬ 
tion, hemoptysis, or congestive failure. Such pressures, also, Avere commonly 
associated with fluoroscopic and x-ray evidence of marked left atrial and right 
Amntricular enlargement and dilated pulmonary arteries. Electrocardio¬ 
grams in 140 of this group shoAved right axis deviation (plus 90 degrees or 
more), thus reflecting someAvhat the degree of pulmonary hypertension. 

In a previous communication," the early results of commissurotomy upon 
the pulmonaiy arterial pressure haA'e been presented in great detail. In gen¬ 
eral, it may be stated that the higher the preoperathm pressure the greater 
the postoperathm drop, noted iiarticularly in those above 80 mm. I^ systolic 
in the pulmonary artery. Those ranging betAveen 40 and 80 mm. Hg sj^stolic 
naturally dropped correspondingly less. The OAmr-all aAmrage drop in right 
heart and pulmonary arterial pressures AAdthin one month of surgeiy Avas 15 
mm. Hg systolic (extremes 0 to 40). 

Of much greater interest and significance are the pressure changes Avhich 
developed and stabilized over many months. One can appreciate the difficul¬ 
ties encountered in obtaining long-range recatheterization data. Although 
most Avill and have returned from great distances for postoperatiAm clinical 
evaluation, fcAV are interested in submitting to a third catheterization (pre¬ 
operative, early postoperative, and late postoperatiAm). Nevertheless, such 



Table IV. Commissurotomy— Pressure Changes 
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data have gradually been obtained in fourteen patients ranging from five to 
twenty-three months after surgery (Table TV). It is well knoTO that read¬ 
justment of the pulmonary vascular circulation, following valvular surgery, 
may take considerable time, hence the changes noted within the fii’st post¬ 
operative month do not necessarily reflect the ultimate pressure or, for that 
matter, clinical level. Case 11 exemplifies this point. Despite marked improve¬ 
ment in the patient’s clinical subjective status at seven months the pressures 
were significantly higher than those obtained preoperatively. At sixteen 
months they retuimed to slightly under the original level representing no 
essential objective improvement in direct contrast to her very exeellent clini¬ 
cal state which permits her to live a normal life, working full time. 

Perusal of Table IV will reveal that eleven patients (all but Cases 1, 3, 
and 11) obtained very satisfactory and significant lowering of the pulmonary 
and right heart pressures. Surpilsingly, in eight of these, the drop was prac¬ 
tically to normal levels, representing in several a decrease of 50 to 80 mm. Hg 
systolic. In each of these eleven the subjective result followed suit so that 
all are now classified as excellent results by the criteria set forth in the text. 
One of the remaining three (Case 1) is unimproved clinically after temporary 
initial relief. Another (Case 3) is improved clinieally to a much greater de¬ 
gree than his pressure changes would indicate. The tliird (Case 11) obtained 
an excellent result as discussed previously. 

The electrocardiogram frequently aids in determining the candidacy of 
these patients, especially when there is more than one valve defect. Evidence 
of right ventricular enlargement suggests that the predominant lesion is one 
of mitral stenosis. It is to be noted that a right axis deviation (plus 90 de¬ 
grees or more) was present in 140 eases, a normal axis in 23, but more particu¬ 
larly, that in only one instance was there evidence of a left axis shift. In this 
ease, a stage V, mitral insufficiency was found to be equally as prominent as 
stenosis when the valve was explored. Commissurotomj", although accom¬ 
plished adequatelj’", had no effect on the course of the irreversible cardio- 
valvular and pulmonary vascular disease and she continued unimproved until 
death, ten months later. Finding a left axis shift predicates that other fac¬ 
tors are at play and a careful reevaluation must follow. 

Operative Findings .—Seldom in the past has there been the opportunity 
to examine at firsthand the nature of living valvular pathologj^ in situ. It 
has been a source of wonder to us to find the average stenotic valve in rela¬ 
tively good condition in contrast to the incaimcitation of the i^atient (Table 

V). 

1. The size of the valve orifice, as estimated by the tip of the exploring 
index finger in 133 of the cases, was approximately 0.5 to 1.0 cm. in diameter 
or, in more readily appreciated teims, the size of one to two heads of kitchen 
matches. The cusp margins were thickened and fibrotic with fixation of the 
periorificial ring. Nevertheless, just enough pliabilit}^ remained in the valve 
leaflets so that in only twenty-nine cases could a regurgitant jet of blood be de¬ 
tected with ventricular systole. In the remaining twenty-nine (two were not 
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Table V. Operative Fixuikos 


Size of valve orifice (finger estimation) 

(a) 0.5-1.0 cm. _ 

(minimal regurgitant jet in 29) 

(b) l.l-l.o cm. 

(no jet in G) 

(c) L6-2.0 cm. 

(d) 2.5-3.5 cm. _ 


STEKOSIS 


133 

IG 

8 

5 


Orifice after commissurotomy 

(a) 4.5 cm. 

(b) 3.0-4.0 cm. 

(c) 2.5 cm. 

(d) 1.5-2.0 cm._ 


3 

131 

23 

5 

162'“ 


CaleiSeati on of valve 
♦Tivo valves, size not recorded. 


recorded) the orifice ivas sonieivhat larger. The diameter of .sixteen was 1.1 
to 1.0 cm., and in six of these no insufficiency could be appreciated. Bight fell 
into the 1.6 to 2.0 cm. size, three at 2.5 cm., and two were between 3.0 to 3.5 
cm. Some of these were obviously poorly selected cases as the result obtained 
hardly justified surgical intervention. 

In contrast to the fii'm and indurated cusp margins, the valve leaflets, al¬ 
though thickened, were considerably more flexible. Their consistency ivas 
usually that of kid glove skin, less frequently like shoe leather. Only twenty 
had lost all semblance of a functioning valve in that they were completely 
fixed and rigid. Extreme fibrosis and calcium replacement were responsible 
for this effect. Thus, as a rule, the “mitral megaphone’’ could be felt to ride 
back and forth as a complete cone in response to changes in pressure on its 
two sides, always maintaining its obstructing effect and unable to open or 
close at its orifice. 


It was possible, despite the pathologic nature of the valve, to accomplish 
a satisfactory separation of the valve leaflets in 157 cases. Three of these were 
opened to 4.5 em. in diameter, 131 between 3.0 and 4.0 cm. (optimum), and 
23 others to 2.5 cm. In five the conditions present would permit enlarge¬ 
ment to only 1.5 to 2.0 cm. Ideally, the objective of commissurotomy is not 
only to enlarge the stenotic orifice, but also to restore a considerable measure 
of valve function. This latter goal could not be attained in approximately 
twenty-five cases because the valve tissues were replaced by fibrotic sear 
and calcium to such a degree that all pliability, even after release of the cusps, 
was lost. 


The technique of conunissural separation, as used hy us, has been re¬ 
peatedly described in previous writings. Both the right index fiimer and the 
specially devised guillotine knife are as a rule introduced simultaneously 
through an opening near the tip of the purse-stringed left auricular append¬ 
age. Whenever possible, after palpation of the entire valve for orientation 
one ^all cut is made across the rind of the anterolateral eotmC^'1 ' 
V inch gentle finger pressure is applied. This will usually accomplish dissolu 
lion o£ th» comm.ss„r. to fte fflTO»r<iial .-all. At aw poiw lltere m*); 
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finger pressure is necessary to divide the adherent leaflets, an additional 
small cut is made facilitating rapid and clean division without the danger of 
tearing or avulsing either the valve leaflets or their attached chordae tendi- 
neae. An anterolateral commissurotomy of this type is, in the majority of in¬ 
stances, sufficient to accomplish maximum results both clinieallj’' and physio¬ 
logically. In a very considerable number of cases one small additional cut 
was made into the fused and rolled posteromedial commissure just to transect 
the rigid ring. This was not carried Avidely into pliable valve tissue, for the 
danger of producing major regurgitation in this area is great. In the past 
six months the posteromedial commissure has rarely been opened unless ade¬ 
quate anterolateral separation has been impossible. The over-all result Avould 
seem to be better by observing this precaution. When one has become com¬ 
pletely familiar Avith the proper use of the guillotine it Avill become obvious 
that its use is essential in perhaps 30 per cent of cases. In an additional 20 
to 40 per cent a more complete and thorough commissurotomy can be per¬ 
formed (assuring the patients of a more certain, long-term future) Avhen this 
technique has been mastered. On the other hand, AAdien thrombotic material is 
present in the appendage it has been our practice to insert the finger alone, 
hoping that definitive surgery of an adequate nature can be done by this 
method in order to obviate the extra manipulation of both knife and finger, 
lest an embolus from the appendage be produced. Very often, hoAA'eA^er, the 
A'^alve has required additional incision and AAuthout removing the finger the 
guillotine is slipped in beside it. 

The combination of finger and knife, in the actual division of the com¬ 
missures, has been used in 114 cases, the knife only in 21, and the finger alone 
in 28 cases. One Avas not recorded (Table VI). The anterolateral commis¬ 
sure Avas dhaded alone in eighty instances, b.otli the anterolateral and postero¬ 
medial in seventy-three, and the posteromedial by itself in four. In six cases 
only dilatation Avithout separation could be accomplished, in fiA’^e Avith the 
finger and in one AAUth a Kelly hemostat (tiny appendage in a 4-year-old child). 
One case Avas not recorded adequately. 

2. Calcification Avas present in some measure in seventy-five of the valves 
(Table V). The frequent site for such infiltration Ava5 on the anterior valve 


Table A^I. Techn-ique of Co.MMissunoTOJiY—164 Cases 


Method 

Finger and knife 

Knife only 

Finger only 

(a) Finger dilatation only 

(b) Kelly dilatation only 


114 

21 

28 

163* 


Commisure 




Anterolateral 


80 


Anterolateral and posteromedial 


73 


Posteromedial 


4 


Dilatation 


6 


- ——--J63* 


•Technique not recorded, one case. 
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leaflet over its medial aspect-tlmMmi^on 

left ventricle. Nineteen of tli - fortv-fonr the calcium ex¬ 
beads along the surface of the or more points of the 

tended hack into ‘considerable mobility could fre- 

crrcumference. Nven m xnes hvpIvp eases calcium ivas present 

fluently be restored by comMTO^^^^^ the mitral orifice and appreciably 
in larger quantity, piacticall w ineisin" the commissures. 

Mting the leconelractiee eftect “'“X ^stored in this 

SnrprisinglT, althongh straight thtongh the calcific crust 

gronp. generous enlargemen of *hc e toprorcmcnt in lour 

^rr^h:—g'ftr‘:»f—ed 

les.=; freouentlT involved by calcium, and separation at this 
commissure is less irequeuii.v u <;tr,tT,c of the re- 

poiut miU improve the patient, as a rule, rega^less of 
Linin- valve cone. It is to be emphasized, therefore, 

calcim^ per se need not militate against a good functional res^ilt. Occa- 
sionaUv ^ivithont detectable calcium, the circumferential contraction of the 
atrioventricular ring, together mith extreme thickening of . 

foreshortening of the chordae tendineae, result m such fixation that com 

missurotomy is to no avail. _ 

3 Gross or microscopic evidence of thrombosis ivas encountered in the 
left auricular appendage of thirty-seven patients. Preoperative arterial m- 
holization mas associated in only ten of these, and thirty-three mere in auricu¬ 
lar fibrillation. There mas one questionable embolus produced at the time ol 
surgery despite the fact that the finger mas introduced through the append- 
age after proper preparation in each of the thirty-seven cases (see discussion 
mhieh foUoms). 

Immediate Postoperative Status (Table TII ).— 

Chest pain: (a) The usual thoracotomy pain, intercostal and chest mall 
in type, is to he expected and mas experienced by all patients. 

(b) In addition, pleuropericardial pain may be a striking sequel to this 
surgery and may be much more severe and persistent than that experienced 
by the average thoracic patient. It occurred in 3S per cent of cases and may 
be most prominent during the second postoperative meek. Usually it recurs 
sporadically during the ensuing six months. The pain is typical of that seen 
in acute pericarditis and similarly is aggravated by smalloming, deep inspira- 

TABI.E YU. Postoperative Status—^164 G.ases 


Pleuropericardial pain 
Pericardial effusion 

Sinus rEvthm to auricular fibrillation 

(a) Transient 

(b) Permanent 

Auricular fibrillation to sinus rhythm 

(a) Transient 

(b) Permanent 
Postoperative hemiplegia 
Reactivation of rheumatic infection (7?) 


63 (3S%) 
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tioii, and change of position. The location of the pain may be in the lower 
substernal area, either localized or radiating to the neck or back. At times a 
small plenral effusion or earl 3 '^ signs of pulmonaiy congestion may develop. 

The importance of this pain lies in its characteristics of persistence, sever- 
itj’’, unpredictabilitj’’, and its partial respon.se to salicjdates but not to antibiotics, 
and ordinaiy doses of narcotics. In several extreme instances this distress per¬ 
sisted daily for three months, precipitating right heart failure. Such a mor¬ 
bidity is rare and, fortunatety, in these instances recovery has been complete 
and the patients have returned to normal activity. An attempt has been made 
to anticipate the probable onset of this complication by investigating the pa¬ 
tient's rheumatic state prior to surgeiy. It has been impossible to predict 
with anj^ certainty such complications, however, either from the history, the 
physical examination, or laboratoiy studies. 

Pericardial effvsion: There Avere nine instances in Avhich pericardial 
aspiration seemed desirable. No fluid Avas obtained in four, less than 100 c.c. 
in four, and 150 c.c. in one. This type of effusion is not associated Avith the 
usual signs and symptoms of cardiac tamponade. The exhibition of undue 
anxiety associated Avitli a feeling of strangling and oppression should arouse 
suspicion. The apical rate may be normal or slightly elevated; moderate 
orthopnea and hj’perpnea may develop AA'ith profuse perspiration, and as a 
rule the s 3 ’'stolic blood pressure is loAi'ered. The jugular Amins infrequently 
are distended. Even as the fluid is AvithdraAvn the patient maj’- experience 
subjective relief. Repeated aspiration has not been necessaiy. 

Arrhythmias: Auricular fibrillation developed postoperatiA'elj' AA'ithin the 
first ten dajm in tAventj^-three indiA'iduals aa'Iio had had sinus rliAdhm prior to 
surgeiy. Eight Avere transient and I’eturned to a sinus mechanism AA'ith or AA'ith- 
out quinidine, and fifteen became permanent. 

There Avere six instances in AA'hich auricular fibrillation reverted to sinus 
rhj'thm after surgerj'. Onlj' one of these has returned to a state of fibrillation. 

Postoperative emboli: Tavo patients aAVoke from anesthesia Avith a hemi¬ 
plegia. No CA'idence of gross or microscopic thrombosis Avas present in the left 
auricular appendage in either so that the origin of the embolus Avas unlmoAvn, 
possibty from the A'alve itself. One-third, in aa'Iioui the appendage Avas obliter¬ 
ated by thrombotic material, dcA'eloped pain in the popliteal area of the left leg 
shortly after surgeiy. This patient had had innumerable emboli to the brain, 
A'iscera, and extremities in the past, had undergone an attempted embolectomj' 
in the right femoral arteiy several years before, and had been on Diciimarol 
for many months prior to admission. Bilateral intermittent claudication had 
been present for a long time. A therapeutic caudal block Avas continued for 
tAVO days Avithoiit noticeable effect as the left leg became more and more dis¬ 
colored Avith signs of demarcation beloAv the knee. The right foot was onlj' 
slightly cjmnotic, nonpainful, and maintained unlimited function. Left femoral 
artery exploration revealed a good but not pulsatile fioAv of blood and no embolus 
could be located either above or beloAv from the aortic bifurcation to the pop- 
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liteal arterv. Eventually, a mid-thigli amputation was necessary and the pa¬ 
tient made'a fine recovery. Extensive search or the vascular tree in the ampu¬ 
tated limb failed to discover fresh embolic material, although all vessels were 
thickened and contracted as in thromboangiitis obliterans. 

Eeacih-ation of rheumatic infection: In our considered opinion there has 
been no instance of an exacerbation of acute rheumatic fever as ordinarily seen 
in children. This was somevrhat unexpected in view of the histologic evidence 
of the rheumatic state in 49 of the 143 appendages examined microscopically. 
Eo doubt a considerably higher incidence of rheumatic stigmas would have been 
found had the myocardium proper also been examined. This opinion is felt 
to be true in view of the lack of evidence of carditis exemplified by the develop¬ 
ment of additional valvular lesions. No change has occurred in the valvular 
status other than that which was produced traumatieally, namely, a mitral 
systolic blow. In addition, using the major and minor criteria of Jones for the 
diagnosis of rheumatic fever and its activity, migiutoi-y polyarthritis, fever re¬ 
sponding to salicylates, subcutaneous nodules, routine increase in the sedimenta¬ 
tion rate, and the like have not developed. One outstanding complication is at 
least under suspicion as being of rheumatic etiology, namely, plenropericarditis, 
which has been temporarily present in varying degree during the first six post¬ 
operative months in sixty-three patients. Four patients had a continuation of 
fleeting and migratory bone and muscle aching present for years but this was not 
made worse or actually affected one way or the other by surgical intervention. 
The two children in the series did fulfill the generally accepted criteria for rheu¬ 
matic activity but in all probability were in an active state at the time of sur¬ 
gery, Further observation will be necessary before the role of rheumatic infec¬ 
tion as influenced by surgery can be evaluated. 


Auscultatory changes: A loud pericardial friction rub was almost invari¬ 
ably heard immediately after surgery, disappearing slowly within ten days. 

The mitral diastolic rumble become greatly diminished in intensitv. and 
during the first seven to ten days may be inaudible. 

In most of the cases a mitral systolic murmur was produced. Its usual 
intensity may be graded as 1 to 2 and this murmur usually persists. It is felt 
that as a rale this murmur does not represent a significant degree of insuffi¬ 
ciency. 

The sharp and accentuated mitral first sound usually remains unehant^ed 
in quality, even though the diastolic rumble may disappear. This sound ap¬ 
pears to be the least affected by mitral valve surgeiy. The pulmonic second 
sound frequently remains accentuated, even though the pressure in the pul¬ 
monary artery has been reduced. ^ 

Thus, to summarize, the mumiurs may change materially but the individual 
heart sounds may not. 


Status.—There is no more difficult task in the compfia 
.on 01 climeal data than to reach agreement on suitable and self-explanatorv 
entena lor the evaluation of sui-ical results. This is especially truTihen th'e 
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pathologic and physiologic pattern of a disease entity, such as mitral stenosis, is 
so varied. The eommon ground for comparison would seem to be a functional 
status of the patient observed at least six months or more after surgery. 

Table VIII summarizes the results as obtained in this series. Eighty pa¬ 
tients are classified as being excellent in that they have been restored to a nor¬ 
mal, productive life, enjoying normal activities vuthout obvious limitation. 
Limitation of diet and mercurial diuretics are no longer necessary. Fifty-four 
are still taking digitalis, in most instances, however, because neither physician 
nor patient has gotten around to discontinuing it. Forty-five are considered 
to be objectively and subjectively improved, as evidenced b 3 ’- their return to al¬ 
most normal life and aetivity within their own pai’ticular limitations, deter¬ 
mined on a trial and error basis. Most of this group are under medication as a 
precaution because of the demands of their more greatlj’^ enlarged sphere of 
activitjL A few, terminallj'^ incapacitated, have now become so amenable to 
therapj’^ that reasonable activity requires digitalization onty. The range of im¬ 
provement in this group varies widely Avith the condition of the A’-alve found 
at surgery and the degree to Avhieh valve function could be restored. Their 
progressive dovniliill course has been abruptly terminated or reversed, some to 
regain a high level of efficiency, and others to remain on an improved plateau. 


Table VIII. Present Functional Status*—104 Cases 


STATUS 

.NUMBER 

PER CENT 

Excellent 

80 

48.7 1 

ImproA-ed 

45 

27.4 J 

UnimproA'ed 

20 

12.1 

Deaths 



(a) Operative 

10 

G.O 

(b) Late 

9 

5.4 

(8, stage V) 



(1, stage III) 




Nineteen patients have been essentiallj’" unimproved. Seven of these had 
multivalvular disease with significant mitral insufficiencj’’, the seriousness of 
Avhich was appreciated only at the time of A'alve exploration. Psj’'choneurosis of 
major degree became more prominent after surgery in four, making cardiac 
evaluation diffieult, although three Avere considered improved from a circula¬ 
tory standpoint by their referring physicians. In three there Avas aneurysmal 
dilatation of the left atrium, Avith associated mitral insufficienejL The patho¬ 
logic nature of three other valves Avas such that a satisfactory commissurotomy 
could not be accomplished. The inadvertent production of significant amounts 
of insufficiency by opening the posteromedial commissure too Avidely militated 
against a good result in the final tAvo. 

The operative mortality (Table IX) in the 164 cases under complete analy¬ 
sis Avas 6.0 per cent (ten cases). As might be expected, the deaths all occurred 
in the more advanced stages of the disease (stages III, IV, and V). In the 105 
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Table IX. Cavses op Death~164 Cases 


OPERATIVE 


LATE 


Technical 


5 Irreversible eardiovalvular and pulmo- 


(a) Split cusps (finger) 

(b) Medial conumssure 

2 

nary vascular disease with progres¬ 
sion into terminal failure. 


(1) Cut too far 

2 

(all in stage V) 

8 

(2) Unexplained 

1 

Pre-existing insufficiency increased 


Patients near extremis 

Cerebral anoxia during surgery 
Unsuspected associated aortic stenosis 
(forward failure) 

2 by surgerr 

2 

1 

1 

Totals 


10 

9 


eases in stage III, five deatlis occurred (4.7 per cent). For the most part these 
were due to faulty technique early in this series ■when expei'ience was minimal. 
Two were the direct result of the finger pressure method which acco'onted for 
the inadvertent splitting of a valve leaflet (one) or partial a-vulsion of one leaflet 
from the myocardial wall heyond the commiss-ure (one). In one other there was 
no anterolateral commissure present and wide incisional separation of the pos¬ 
teromedial commissure produced a lethal insxrffieiency with the patient dying 
three weeks after surgery. Hypotension throughout surgeiy with its attendant 
cerebral anoxia was responsible for death within two hours of an otherwise sat¬ 
isfactory teclmcal commissurotomy. The fifth death was due to forward fail- 
m-e m a patient who at autopsy proved to have an nnsuspeeted severe aortic 
stenosis in addition to the mitral stenosis for which she was operated upon. 

Tt ^ ^ not entirely clear. 

hj-potension and cerebral anoxia as 
ae patient died without reacting in six hours. Post-mortem examination re- 
a generalized cerebral edema and nothing else to account for death The 
second case was totally unexplainable in a patient who should have done weU 
and m whom autopsy was not permitted. The third was broimht Ihorhv the 
in'Jr^ regurgitation from a bilaterarcommissurotomv 

complSaM '»» 

pramte. The other requimi eoMinoom osvgen hi tLTeM f 

and yet seemed free of clinical decompensation position, 

their extensive pulmonary fibrosis and ^covered 

hepatic changes. ^ ^ akzed irreversible cardiorenal- 

PeaJtSr™ et'-«!> «> ‘wo 

Daily incapacitated, irrLL^Je by reSsste" “ 

One parent died from mnltivalvnlar disease 1“"'^ Previously. 

V surgery. The other eight, despite an adeonateW ^ increased 

ion m keeping with the patholome eonditionc P^^f^^rme^ valvular opera- 
versible c.rdiov.M., J “"h ’S 

PPoseht. .Meh „o .ere reheP 
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resent failures on the part of an unsuspecting medical profession. At this stage 
in the development of cardiovalvular surgery they are entirely excusable and 
may in a sense he regarded as tragic examples with which we all must be re¬ 
educated. With a greater understanding of the inherent nature of progressive 
mitral stenosis and the clear demonstration of a technically successful opera¬ 
tion, both as to a low mortality and the satisfactory results obtainable, the selec¬ 
tion of patients at an early stage now becomes the paramount duty of every 
practicing phj^sician and procrastination can no longer be tolerated. 

Indications for Gom/missurotoniy. —In the light of the foregoing presenta¬ 
tion, the selection of patients for surgical intervention can be simply stated. 
The ideal candidate is the patient with pure mitral stenosis and beginning symp¬ 
toms of cardiopulmonaiy dj^sfunetion such as shortness of breath upon exertion. 
Fatigue out of all proportion to the patient’s physical activity is frequently a 
prodromal or accompanying finding. At the moment the mere presence of a 
well-defined mitral diastolic murmur without accompanying symptoms is re¬ 
garded by many as insufficient reason to suggest surgery. No doubt the day will 
come in the very near future (if not at present) when such a course will seem 
imreasonable. No one today awaits the complications and end results of me¬ 
chanical deformities such as patent ductus arteriosus or coarctation of the aorta 
before proceeding to their surgical correction. On the contrary, it is the ac¬ 
cepted operative practice to proceed shortlj’’ after the diagnosis has been made 
clear and long before sjTuptoms and signs of irreversible damage have super¬ 
vened. Surgei^^ for mitral stenosis at such an early stage would carry an in¬ 
finitely lower mortality than it does today and much cardiac disability might be 
obviated.^®' ” 

All other indications are merely compromises from the ideal, but for years 
to come an imderstanding of the more advanced but altogether salvable states is 
essential. An outline under seven major categories (and contraindications) will 
most succinctlj’- serve this purpose: 

1. History 

(a) Early cardiopulmonary dysfunction—ideal 

(b) Marked dyspnea, hemoptysis, reversible failure—acceptable 

2. Age—elastic range, physiological rather than chronological 

3. Valvular defect 

(a) Pure mitral stenosis—ideal 

(b) Associated mitral insufficiency and/or aortic valve lesion in presence of normal left 
ventricle—acceptable 

4. Eoentgenogram 

(a) Left atrium and right ventricle minimal enlargement—ideal 

(b) Minimal left ventricle enlargement—questionable but acceptable 

5. Electrocardiogram 

(a) Normal electrical axis or right ventricular strain 

(b) Never left axis shift 

(c) Auricular fibrillation with controllable ventricular response—acceptable 

6. Functional capacity 

(a) Stages I and II, statically incapacitating at the most—ideal 

(b) Stage III, progressively incapacitating—acceptable 

(c) Stages rV and V, debatable—occasional good result 
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7. Complicating factors 

(a) Arterial embolic episodes I 

(b) Eecurrent hemoptysis Acceptable, and may be urgent 

(c) Hypertension (?) j 

8. Contraindications 

(a) Acute rheumatic fever 

(b) Subacute bacterial endocarditis until controlled. 

(c) Associated marked mitral insufficiency or aortic lesions with all cardiac chambers 

enlarged 

In conclusion, surgical reconstruction of the stenotic mitral valve is a major 
adjunct and an ahsolnte essential in the continuing care of these rheumatic vic¬ 
tims. Although such patients can and have been restored to a high level of 
efficiency and, as such, enjoy a more normal life, nevertheless, if referred for 
surgery' late in the course of their disease, they must always be considered as 
cardiac patients under the watchful care of their attending physicians just as 
the surgically treated tuberculous patient will require frequent observation, 
admee, and management. The burden of selecting patients at an earlj' stage 
rests squarely' on the shoulders of both physician and surgeon and this respon¬ 
sibility can no longer be avoided or postponed. 
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DISCUSSION 

DE. CONEAD LAM, Detroit.—wish to congratulate Dr. Glover and his group on 
continuing the work begun with Dr. Charles Bailey. I should like to discuss his paper 
by presenting a very small contribution to technique which we have found helpful and 
which will, I believe, affect the results. 

(Slide.) This is what we call a six-lingered commissurotomy glove. Those who have 
done commissurotomies by the technique of the authors of the preceding paper realize 
that there is sometimes considerable hemorrhage. Blood flows between the two gloves 
along the knife and escapes through the slit in the outer glove. At the suggestion of Dr. 
Edward Munnell, we have added to the ordinary glove a sixth finger on the palmar sur¬ 
face through which the knife can be passed and around which a tight ligature can be placed. 
Then the surgeon can take his time, deciding whether or not to make a cut here or there. 
Actually, the knife can be rotated until its flat surface is perpendicular to the finger and 
then the cutting edge can be palpated. This is particularlj' helpful in incising the medial 
commissure, when orientation is especially important. 

(Slide.) This photograph taken during a commissurotomy shows the finger in the 
opening in the auricle, hemostasis being maintained by the snare. This is the palm of 
the glove which is filled with blood, and not a drop escapes. 

(Slide.) The construction of the glove is simple. Details will be reported by Dr. Mun¬ 
nell in an early issue of the Journal op Thoracic Surgery.* 

I should like to mention one embolic episode in an otherwise uneventful commissurotomy. 
When the patient was being transferred to the stretcher, it was noted that both legs were 
cadaveric in appearance. The patient was lifted back onto the table, the instruments were 
quickly sterilized and, through a retroperitoneal approach, a saddle embolus the size of a 
small egg was removed. The patient now has normal circulation in the legs. 

DE. CHAJILES P. BAILEY, Philadelphia.—I should like to present a common compli¬ 
cation in surgery for mitral stenosis. 

(Slide.) This is a picture of the brain destruction following arterial embolization. 
This nearly always involves the middle cerebral artery when it occurs during commissurotomy, 
or I guess at any other time. You can see why these patients have residual paralysis of one 
side if they survive—why they have a degree of aphasia if this damage affects the left side 
of the brain. 

(Slide.) This is a diagram representing the insertion of a linger through a clotted 
appendage, dislodging particles which can cause peripheral arterial embolization. Approxi¬ 
mately 30 per cent of the patients who come to commissurotomy have some degree of throm¬ 
bosis in the appendage, so that this accident is not completely preventable in all cases. 

(Slide.) This is the other major source of arterial embolization—calcium deposits on 
the edge of the valve which may be inadvertantly dislodged at the time of cutting, or of 
breaking the commissures with the finger. Often this calcium is like loosely attached sand; 
it rolls under your finger and you Icnow you have released small particles into the circulation. 

Entrance into tlie heart by way of the left superior pulmonarj' vein can be made. I 
have made them in about twenty-three instances. However, two patients died as a result of 
that technique and so it seems to be more dangerous than embolization to the brain itself. 

Tti a personal series which I worked out last November there were twelve oases of cerebral 

»Munnell, Edward R.: Six Fingered Glove for Mitral Commissurotomy, J. Thoracic Suro. 
23 : 628 , 1952 . 
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embolization in 235 operations, an inerdence of about 5 per cent. Eight . P 

died, mainly as a result of that embolization. Since Kovember, 19ol, a senes of 157 pa 
tients have been operated upon by a technique ivith modifications as sliorm. 

(Slide.) This represents the circulation to the brain and you can see that the mi e 
cerebral arteries, ivhich are the site of most of the emboli, are direct continuations of the 
internal carotid arteries. Obviously, if you could obstruct them during the eouKe of the 
intracardiao surgery you would not have any trouble with cerebral embolization. In my en¬ 
tire esperience with approximately 500 cases I have had only one case of embohzataon to 
the lower extremities during commissurotomy, so it is obvious that the little emboli that 
undoubtedly get to the vessels of the lower extremities do not necessarily cause any trouble. 
The main problem is to protect the brain. 

(Slide.) This is what we have worked out. It may not be the best way, but it is tbe 
vray we did it. We mobilized the left common carotid artery in the mediastinum above the 
aortic arch, and placed a piece of umbilical tape around it. Then at any time in the surgery 
the umbilical tape can be pulled up, kinking the vessel so that no blood flow occurs. We think 
that this can be done for at least three minutes, while the right innominate artery is com¬ 
pletely blocked, without causing any cerebral damage. Since tbe mediastinal portion of the 
innominate artery does not lend itself well to kinking, we had to adopt a more definitive 
technique of management, A bulldog clamp is placed across tbe origin of the innominate 
artery at the beginning of intraeardiac surgery and is left on throughout that portion of the 
surgery, in one ease, 31 minutes. I should like to report that we have had no complications 
while using this technique, but that is not quite true. In spite of using this technique in 157 
consecutive patients, we did have one case of left-sided cerebral embolization. I suppose a 
clot may have lodged there either between our periods of traction upon the umbilical tape, 
or perhaps after we were through. We thought we were adequately protecting the brain by 
traction npon the umbilical tape whenever we were doing anything inside the heart and for 
fifteen heartbeats thereafter, but this patient still developed a left-sided embolus. 

We also had one other case with a cerebral complication, although I do not believe it 
was due to an embolus. This man previously had had a right-sided cerebral embolus and 
he had a left auricle almost completely full of clot. We were so afraid of a repetition of the 
embolus that we made longer traction on the left common carotid perhaps than we should 
have, about five miautes. With the previously diminished right cerebral circulation, and the 
innominate being clamped off, he has developed an exaggeration of the previous paralysis 
on the left side. Therefore I think we may have to limit our time of carotid obstruction 
more strictly. 

BE. HEKEY SWAK, Benver.—I cannot resist paying tribute to tbe wonderful work 
which Br. Glover and Dr. Bailey have done in pioneering this operation for mitral stenosis. 
I should like to make one brief comment concerning the selection of patients. Br. Glover 
has ably demonstrated that operaUon can be done at low risk and certainly should be done 
early in the course of this disease. It is generally agreed, I beHeve, among pathologists, that 
in the presence of long-standing venous and associated arterial pulmonary obstruction 
changes occur iu the pulmonary vascvdar bed which eventually become irreversible and which 
maintain, of themselves, the pulmonary hypertension. In the course of mitral stenosis there¬ 
fore, there comes a time when operation can be done only at a much increased risk and with¬ 
out promise of much benefit to the patient. My coUeague, Br. Blount, and 1 have been 
interested in studying this phase of the problem, and have been doing so br attempting to 
evaluate the response of the pulmonary circulation to exercise. In the Lnnai individual who 
^ercises, of course, the pulmonary artery pressure does not rise materially and the cardiac 
index goes up sharply. In the patient with mitral stenosis the * cardiac 

which may be sbghtly or moderately elevated at rest, on exercise shows Y 

nse and the cardiac output does not show a verv great increment Thi, ri pronounced 
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is the resistance of tlie pulmonary vascular bed itself; this can be measured by subtracting 
the pulmonary capillary pressure from the pulmonary artery pressure. It appears likely 
that in most patients who have a pulmonary artery pressure rise due primarily to and as¬ 
sociated with a marked rise in pulmonary capillary pressure, the valve itself is causing the 
pulmonary artery rise and operation would be of benefit. On the other hand, if a marked 
pulmonary artery pressure occurs, a rise in pressure which is not associated n-itli a pulmonary 
capillary pressure rise, then it seems reasonable to assume that the peripheral resistance in 
the vascular bed of the lung itself is causing tliis rise, and tliat operation on tlie valve would 
Would not be of great benefit to this patient. 

We have doing lung biopsies at the time of operation in the attempt to correlate these 
physiologic observations witli the observed changes in the pulmonary arterial tree. It is still 
too early for us to be able to say wliether this concept has validity, but I believe that if so, 
it may be of some help in tlie selection of patients and in the prognosis of what benefit may 
be derived from the operation. 

DR. HARRISON BLACK, Boston.—I should like to congratulate Dr. Glover on his 
excellent series and reported gross mortality of 7 per cent. However, we on Dr. Dwight E. 
Harken’s services at the Peter Bent Brigham, Boston Citj-, and Mt. Auburn Hospitals are 
impressed with the advisabilitj- of a breakdown of mortality statistics. Dr. Glover’s results 
are certainly commendable in the aggregate. However, to tell certain patients that they have 
Seven chances in 100 of djung as a result of the operation would be excessively pessimistic. 
On the other hand, some patients have nowhere near 03 chances in 100 of surviving. Mor¬ 
tality statistics should serve to tell us how well or how badly we are doing in any particular 
group of patients so that we may make intelligent decisions in the choice of patients for 
operation. Patients who have mitral stenosis range the spectrum of illness from no disability 
in athletes to those who succumb to their disease. The results we get in survival and re¬ 
habilitation depend on the part of the spectrum in which we are working, what we do in this 
area, and how we take care of the patients before and after operation. 

Obviously, the starting point for such an analysis is a classification. (Slide.) All pa¬ 
tients with mitral stenosis that we see are placed in one of four clinical groups. This is done 
preoperatively without regard to factors that might increase the operative risk, such as calci¬ 
fied auricular thrombus, previous history of periplicral or pulmonary emboli, calcification of 
the mitral valve, or the existence of other valvular lesions. 

Group I is the one we consider benign. In it are placed ail patients who have the 
murmur of mitral stenosis but who are not disabled by it. Because many of these people 
have a good prognosis and may lead an active and useful life we do not advise them to have 
an operation. They must, however, be followed carefully lest they slip into a more advanced 
group. 

Group II consists of those who have various degrees of incapacity, predominantly due 
to dyspnea, but who are getting no worse. In this disabled group we have only recently ac¬ 
cepted patients for operation, for we previously felt that they were functioning adequately 
enough to wait until our technique had become stable. It has now done so. To some of the 
patients in tliis group whose incapacity interferes with their ability to earn a living or to 
live a life acceptable to them, we are now offering mitral valvuloplasty. 

It is in Group III, the one we caU hazardous because of the poor prognosis on medical 
management, that we feel tlie operation has the most to offer in terms of rehabilitation at 
an operative risk that now compares favorably with that of any major abdominal procedure. 
This is the group whose dyspnea and limitation are progressing. Many of them have had 
repeated episodes of pulmonary edema brought on by the slightest exertion or excitement, 
many have had hemoptyses or emboli; a large percentage of them have fibrillation; and they 
are generally on digitalis, limited salt intake, and mercurial diuretics. In spite of the best 
of medical management they are becoming more disabled. It is important to have this clini¬ 
cal picture in mind when we consider the mortality figures, for these patients are well down 
on the scale of severity of disease. 
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It ftat kave operated on a large number of • , 

tbe group of ierminal patients rs-bo are rapidly failing, frequently are in irreiersible fai ure, 
Ld have considerable damage to myocardium, lungs, and liver. Many of them are able to 
exist only at a bed-and-cliair level of activity. 

(Slide ) In this slide is Dlustrated the breakdown of mortality according to the p*oups 
as outlined.' As you can see, there have been 257 total operations for mitral stenosis in tlus 
clinic Many of the earlier procedures have now been abandoned. Eliminating these ther 
have been 242 linger fracture valmloplasties. In Group I there have been no operations In 
Group II, the handicapped but not progressive cases, there have been 14 operations with no 
deaths. In Group III, the hazardous group, we have done 130 valvuloplasties up to the 
present time with six operative deaths and no late deaths, giving a mortality, operative and 
late, of 4.6 per cent. In the last 100 patients in this group there have been only two deaths, 
one in a patient with a solidly calcified auricular clot and another apparently from adrenal 
exhaustion. 

In considering the terminal Group IV patients one can appreciate how desperately ill 
they are from the medical mortality. Earli' in our experience we had the opportunity to 
observe 19 Group H’’ patients wlio were classified by exactly the same criteria as the others 
but who refused operation. Seventeen of these died within a year, 15 within six months, 
giving a medical mortality of 89 per cent. Another fact worth mentioning is that in a few 
instances we have felt that a patient was too ill to accept for operation. Mone of these has 
survived for more than a week after this decision. In Group IV patients we have done 98 
valvuloplasties with an over-all mortality, operative and late, of 31 per cent. Expressed 
another way, we have been able to salvage 69 per cent. In the last 45 procedures in this 
group the mortality has been reduced to 20 per cent. 

The point of all this is to demonstrate the marked contrast in risk and salvageability in 
the various stages of the disease, mitral stenosis. Obviously it is not best to operate in the 
terminal group; we do not like to do so. We are, however, forced to it quite often because 
some internists wait until the patient gets into tliis desperate condition. It is imperative 
that we educate our medical colleagues to refer these patients for operation at a time when 
there is a reasonable chance to do something for them. It can no longer be said that the 
operative risk justifies a policy of watch and wait when the patient is obviously getting 
progressive!}' worse. 

Just a word about the technical problems of management that face us at present. We 
can agree with Dr. Bailey that the hcte noire of mitral stenosis surgery now is the production 
of emboli either of blood clot or calcium particles from the valve at the time of the intra- 
cardiac maneuver. We have not obstructed the carotid arteries in the chest but have had 
the anesthetist obstruct them in the neck. I do not have the figures, but believe that the 
embolization problem has been somewhat improved by that method. We have also allowed 
a brisk flushing of blood out of the auricle before insterting the finger as suggested to us by 
Dr. John Jones, and in several instances have washed out large clots in this way. 

In the Group patients the problems are no longer associated with the operative 
technique. We have reached the era, as I believe most everybody has, in which we can 
operate with safety and few technical errors. The problems are those of management of 
the pre- and postoperative fluid and electrolide balance, management of arrhithmias and 

In the field of anesthesia we feel that the efforts of Dr W;ii;„ n • i • , 
patients adequately ventilated with Ids respiratorv assisfer and aTso n" “ 
amount of anesthetic agent, have unquestioLblv ^llowerus tn „ i 

ticnts who would have died with any other anesthe'tic teclmlquw. ^wccssfully on pa- 
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In the postoperative period the Group IV patients often present a severe form of 
electrolyte imbalance wliich is a marked exaggeration of the normal response to operative 
trauma. We have frequently found that the serum sodium level falls to 120 to 125 milli- 
equivalents per liter, and on some occasions we have found values as low as 108. Not all 
these patients show clinical evidence of the low sodium syndrome, such as persistent hypo¬ 
tension, weakness, and apathy, and complete balance studies in one patient have shown that 
these low serum fibres are not necessarily a true reflection of the total body sodium. How¬ 
ever, w'hen the clinical sjmdrome is associated with a low serum sodium value, we have re¬ 
stored these patients to compensation by the administration of hypertonic saline. We have 
been immeasurably aided in our management of this problem by Dr. Francis D. Moore and 
his laboratory associates. On other occasions evidence of adrenal exliaustion has been 
present and corrected with ACTH or cortisone. 

One further point requires comment. Dr. Glover has said that 75 per cent of the pa¬ 
tients in his series are improved postoperatively. Our experience has been somewhat different, 
for in our series no surwv’ing patient has failed to be improved, some of them to a miraculous 
degree. We feel that when mitral stenosis is severe and is adequately corrected the patient 
will manifest at least some improvement despite damage to liver, lungs, and myocardium if 
he survives. Admittedly this improvement may be less than if he were operated upon before 
"the horse is stolen." We take no personal credit for this; it is probably a matter of 
diagnostic precision in the selection of patients. For this excellent cardiac collaboration 
we express our appreciation to Drs. Laurence B. Ellis, Lewis Dexter, and Samuel A. Levine. 

DE. DENTON A. COOLEY, Houston.—^In our experience at Baylor University with 
thirty commissurotomies we have had one death. I would like to cite one case which illus¬ 
trates the application of commissurotomy during pregnancy. This patient was 28 years old 
and in the fourth month of her first pregnancy. During the past four years she had developed 
progressive signs of incapacity and had several bouts of pulmonary congestion consequent to 
mitral stenosis. Commissurotomy was performed on Nov. 2, 1951, and she recovered un¬ 
eventfully. She is expected to deliver in the next few days, and I understand she has re¬ 
mained active throughout pregnancy. (On May 18, 1952, after a six-hour labor she 
delivered a 7 pound 3 ounce female infant, and the postpartum course was uneventful.) 

At the time of operation I knew of no other such experience, but Mr. Laurence Whyte- 
head reports to me that Mr. Brock of London has treated one case similarly, and I understand 
Dr. Eumel of Salt Lake City has another. If the combination of pregnancy and mitral 
stenosis becomes an indication for commissurotomy, I suggest that it be done before the fifth 
or sixth month, after wlxich the demand upon the left ventricle increases sharply with in¬ 
crease of the placental circulation. 

DB. F. E. TBICERBI, Buenos Aires, Argentina.—I should like to report my experience 
in Argentina in twenty cases of mitral stenosis. Of those, fifteen belonged to Group III, of 
Harken classification, and there were no deaths in those. In five cases that belonged to 
Group IV, there were three deaths, due to embolism in the cerebrum. I would like to ask 
Dr. Glover how to avoid cerebral emoblism. Of those three patients one had five previous 
embolisms, one had two, and the third had one. In all three cases the appendage was full of 
blood clots and to wash it out I let blood through the appendage before introducing my finger; 

I was unsuccessful in coping with the emboli which finally caused death, one in seventy-two 
hours, one forty-eight hours, and the other witliin ten days. 

DB. GLOVEB, (Closing).—I am very grateful to the discussers for their copiments. 

I should like to refer to each in turn if time permitted, but I have been asked to show a 
strip of film depicting the intracardiac portion of a mitral commissurotomy which would 
perhaps be of more interest. In passing, let me take exception to the use of the word "be¬ 
nign" in Dr. Black’s classification. The word is misleading for in most instances the con¬ 
dition will not remain benign for long and therefore tends to convey a wrong impression. 

(Movie.)' Many people have asked, "What goes on inside the heart?" They all know 
how to get to the appendage, so we have prepared this heart specimen of a 24-year-old girl 
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■svho onTTiR into the hospital during her first attack of pulmonary edema and died Tvithin 
twenty-four hours before surgery could be undertaken. This is the size of the stenotic 
■ralve orifice most frequently seen. It is tiny, as you see, and will just admit the head of a 
paper match. The patient was in extremis, of course, when first seen, and we show this 
primarily to illustrate that even in a terminal state the valve tissues are often quite pliable. 
This is the anterior or aortic cusp and here you see the posterior leaflet. They are not the 
thin ceUophane-like normal structures but thickened like the skin of a kid glove. There is 
plenty of pbability provided an adequate commissurotomy can be accomplished. 

The finger is inserted through an opening in the tip of the appendage and the valve 
and its orifice are explored. In a few seconds the pbability of the valve can be ascertained, 
where the calcium, if any, lies, and where the commissures are. The anterolateral commissure 
bes at about 11:00 o’clock, the posteromedial at about 5:00 o’clock. The George P. PiUing 
Son Company and, more recently, Bruno Bichter, have been most helpful in developing these 
guillotine knives. This demonstrates the method of cutting or starting the cut in the 
anterolateral commissure, and this particular knife can be turned over and used for the 
posteromedial commissure as web. UsuaUy the knife wiU be used with the curve the other 
way and the anterolateral commissure just opened. One bttle nick is taken in the commissural 
angle. Here you see what tremendous improvement just one smaU cut wiU make. Frequently, 
if finger pressure alone is rebed upon, aU that part of the valve lying parabel to the wall of 
the ventricle wUl be avoided or missed, so that we prefer to have a hooked blade available 
at aU times. You see now what a marked opening can be produced by just the anterolateral 
commissurotomy. One smab cut may be made on the posteromedial commissure in this fash¬ 
ion and a bttle additional opening obtained, but we do not carry the cut on tliis side very 
far, for otherwise one might incise into the outflow tract of the left ventricle (the intra- 
cardiac portion of the aorta) and thereby produce excessive mitral regurgitation. 



NEW INSTRUMENT FOB CARDIAC VALVULAR COSIMISSUROTOMY 

H. B. L.1RZELERE, M.D.,* AND C. P. B.ULEY, M.D.*'* 
Philadelphia, Pa, 

T he surgical attack on aortic stenosis has long frustrated the cardioA’^aseular 
surgeon. Transaortie, including transcarotid approaches, have met ivith 
significant failure. Earlier attempts via the left ventricle have resulted in 
some catastrophes due to unguided and blind techniques. 

A successful new instrument consisting of three main features is pre¬ 
sented.! It contains, first, a headed guidewire; second, an expanding or di¬ 
lating triradiate mechanism for aortic commissurotomy; third, an operating 
control mechanism. 

First, an estimate of the external diameter of the aortic valve ring is made 
by manual palpation. The instrument’s control mechanism is then accurately 
set, so that the open diameter of the dilator will be slightly less than that of 
the aortic ring. This prohibits overstretching, tearing, or cracking of the 
aorta at the time the aortic valve commissures are opened. 

By passing the beaded wire into the left ventricle, through a small in¬ 
cision under purse-string control, and up into the stenosed aortic valve orifice, 
a positive guide is then in place as a path for the dilator to follow. This elimi¬ 
nates time-consuming and injurious probing. The triradiate arms of the di¬ 
lator are wedge-shaped, as seen on cross section, to allow a leading fin on each 
arm to initiate the parting of the commissures along their fused planes. The 
dilating head of the instrument is set on a slight swivel, so that it becomes self- 
aligned to meet the commissures accurately, as the head is passed into the valve 
orifice. The dilating action is one of commissure paz’ting, not tearing, or 
cutting. The stretching action at the mid-portion of the leaflet, which can re¬ 
sult in fatal tear, is minimized because of the parting action at the commissures. 

The anatomic position of the anterior commissure of the aortic valve is 
nearly always constant, and an external position overlying this point is readily 
identified in relation to the take-off of the coronary arteries. Thus, in the 
original passage of the instrument through the ventricle, the anterior dilating 
arm of the dilator is positioned roughly, but accurately, by merely turning 
the handle and shaft a feiv degrees or, as we would say, “lining it up’’ with 
the point in question. The swivel feature of the dilating mechanism then ac¬ 
complishes accurate alignment of the dilator as it fits into the orifice. 

Received for publication Nov. 20, 1952. 

•Chief Resident, Department of Thoracic Surgery, Hahnemann Medical College and Hos¬ 
pital. 

**Protessor and Head of Thoracic Surgery, Hahnemann Medical College and Hospital. 
fWe are greatly indebted to Major John Shearman Donaldson for the mechanical design 
and production of this instrument. It may be purchased through George P. Pilling Co., 
Philadelphia, Pa. 
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A safety de-^-ice prohibits opening of the dilator upon entei'ing and M'ith- 
draiving of the instrument through the ventricular wall. 

The position of the acting head of the mechanism is assured by external 
palpation at the root of the aorta. To date, twenty-three patients have been 
operated upon, thirteen of the operations being combined with mitral com- 

Fie. 1. 
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missurotomy, done at the same operation. There has been one operative mor¬ 
tality. ^ 

The simplicity of action and the results of this instrument have given us 
great hope for a more complete attack on pulmonary and mitral valve stenoses. 
A biradiate dilator attachment has been developed for these two valves, being 
applicable chiefly in adult cases. The Potts dilator and the Brock dilator are 
good for the pulmonary stenosis of infants and children, and the instrument 
presented here offers an excellent means of opening the adult pulmonary valve. 
The pointed, leading end of the dilator, plus its guidewire, assures accurate 
and quick engagement. 

As for the mitral valve, there are some cases where the finger or instru¬ 
mental techniques as understood to date, have met with failure, due either to 


Fig. 3. 



Fig. i. 

Fig. 3.—Triradiate dilator head with guidewire. 

Pig. 4 .—Biradiate dilator head with guidewire for pulmonary and mitral stenoses. 
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the thickness of the valYC, presence of a tremendons interauricnlar thrombosis, 
or a contracted, tiny, inaccessible anricnlar appendage. In these, biradiate 
dilatation is offered as a real hnproYement in mode of attack. Here again, 
this improYcment is noted becanse the dilating bar is designed to part the 
commissure, rather than ent or tear it. Also, there is better control in the ac¬ 
tual degree or length of opening urhieh can be accomplished. 

At present, the instniment is not being used on thin rahnilar stenoses, 
as there is a possibility of false splitting of the septal leaflet in mitral stenosis 
of this type. 



PULMONARY RESECTION IN THE TREATMENT OP 
LUNG TUBERCULOSIS 

E. J. Zerbxnt, M.D.* 

Sao Paulo, Brazil 


T he principle of resection of tuberculous tissue has recentlj’- been accepted in 
the treatment of pulmonarj’^ tuberculosis. With the pulmonary resection, 
onl3'^ tlie active focus of tuberculosis is removed, but it is evident that there are 
quiescent foci spread all over the lung. Following the operation, there can he 
reactivation of the disease in the remainder of the lung, or dissemination of 
tuberculosis in new foci. 


After the publications of Churchill and Klopstoch,^ Overholt,^ and others, 
there was great enthusiasm for this proceduce. However it was pointe out 
that the results of thoracoplastj’’ were far superior to those of resection, pu 
monarj’’ resections were followed bj' more complications, although they were 
effective in many cases which could not be satisfactorily treated by anj o er 
procedure. Naturally, the complications are directly related to t e tjT® o 
lesions for which the operation is indicated. 

Sweet,® reviewing 63 eases followed over a period of tivo years, verifie 
that 28 patients (44.4 per cent) had died, 9 showed active lesions^ (14. per ^n , 
and only 26 (41.3 per cent) were clinically well and had negative tests. ese 
patients, who ivere submitted to 27 lobectomies and 36 pneumonectomies, wer 
operated on before the sj^stematic use of streptomj'cin. 

Overholt^ demonstrated the influence of anesthesia, of decubitus dunng 
the operation, and of corrective thoraeoplastj'^ on the lesuts o ung resec lo 
in tuberculosis. Jones and Robinson® assembled statistics coveiing opera i 
performed before 1947 from the records of three large sur^ea c 
a total of 343 eases, the morbidity rate was 51 per cent an t e mor a ^ 

28 per cent. These authors, in a series of 123 pulmona^’' resec ions, re 
complications in 22 per cent of the cases and a morta ity o . per 

Among 80 patients receiving streptomj'cin, the morbi ity was . per 
and the mortality 5.7 per cent. 


CLINICAL material 

This report deals with the results of resection 
observed in a series of 103 patients, performed from e ruarj, A „ 
January, 1951. The general statistical data on these patients are 

Table I. 


Received for publication. May 23, 1952. 
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Table I General Statistics (Period Between Peb., 1M6 and Jak., 1951) oN 
Table i. general ^^section in Tuberculosis 


1. NiunbGr of patients 

2. Number of resections 

Pnemnoneetomies 

Eight 

Left 

Lobectomies 

Eight upper 

Eight upper ana mitltue 
Eight upper and superior 
Division of right lower 
Eight lower 
Eight lower and middle 
Left upper 
licft lower 
Segmental resection 


25 

28 

'24 

1 

3 

G 

2 

li 


103 

103 


53 


49 


103 


3. Age of patients (15 to 50 yr.) 


15 to 20 yr. 

15 

21 to 30 yr. 

5S 

31 to 40 yr. 

24 

41 to 50 yr. 

11 

4. Sex 


Males 

42 

Pemales 

61 

5. Duration of disease 


Under 1 yr. 

32 

1 to 2 yr. 

40 

2 to 3yr. 

14 

3 to 4 yr. 

4 

4 to 5 yr. 

3 

Over 5 yr. 

10 

6. Eace 


IVhite 

89 

Black 

9 

Yellow 

5 

7. Incidence of positive sputum 

96 


103 


103 


103 


96 (93.2%) 


103 


The cases were thus distributed: 53 pueumonectomies, 49 lobectomies, and 
1 segmental resection. In 3 cases, we perfonned at the same time a lobectomy 
and a segmental resection in another lobe. The pneumonectomies were done 
on the right side in 25 instances and on the left side in 28 instances. 

The lobectomies were as follows: 

24 excisions of the right upper lobe 

I excision of both right upper lobe and middle lobe 
3 of the right upper lobe and apical segment of the 

right lower lobe 
6 of the right lower lobe 

1 of both the right lower lobe and the middle lobe 

II of the left upper lobe 

2 of the left lower lobe 
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In one ease, the apicoposterior segment of tlie left upper lolie was excised. 

The j'oungest patient of this group was 15 years old, and the oldest, 50 
years old. The ma,iority of the patients were in tlie 21-to-30 group; 61 were 
women and 42 men. Tliirty-tv.’o per cent of tlie patients were sick for less than 
one year. Of the patients, 06 (03.2 per cent) had po.sitive sputum and 7 (6.8 
per cent) were negative before the operation. These patients had bronchial 
stenosis, broncbiectasis, and “filled” tuberculous cavities. 


IKDICATIONS 

In the beginning of this series, our indications were more conservatiiT, 
choosing the cases in which the operation could offer a lower risk. However, 
we soon realized that a great number of patients with severe pulmonary lesions 
could be cured onlj' through pulmonaiy resection; these patients presented 
more complications and fewer cures. 

The indications under which our patients were operated on are summarized 
in Table II. 


Table II. Indications in O.ne IIundked Three Pulmonary Resections in Tuberculosis 


1. Persistent lesions under collapse therapy 

A. Cavity under pneumothora.x 

B. Exudative lesions under pneumothorax 
G. Cavity under extrapleural pneumothorax 
D. Postthoracoplasty uncontrolled disease 

2. Large cavities of the upper lobe, with evidence of 

bronchial disease 

3. Lower lobe cavities 

(1 case associated with suppurative disease) 

4. Extensive unilateral tuberculosis* 

5. Fibrosis, bronchiectasis, and tuberculous 

tracheobronchitis t 

6. Upper lobe disease (suitable for thoracoplasty) 

7. Tuberculoma or ‘ ‘ filled ’ ’ cavities 

8. Tuberculosis of a single pulmonary segment 
Total 

•One patient with broncliialstenosis and negative sputum. 
tTwo patients with negative sputum. 


41 

14 

11 

4 

12 

IG 

10 

24 

4 

3 

4 
1 

lok 


In the first group are 41 persistent lesions under collapsotherapy. Among 
them, there are 14 cavities under total pneumothorax and phrenicotripsia; 11 
exudative lesions (caseous pneumonia) under pneumothoz'ax and phrenieo- 
tripsia; 4 cavities under extrapleural pneumothorax, and 12 residual cavities 
after pneumothorax. 

In the second group are 16 cases of large cavities of the upper lobe, with 
evident signs of bronchial tuberculosis; many of these cases represented an 
actual disappearance of the upper lobe. 

In a third group are 10 eases of cavuties of the lower lobe, all of them per¬ 
sistent after phrenicotripsia. 

The fourth group concerns 24 eases of extensive lesions, multilocular, 
localized in a single lung. 

In the fifth group are 4 cases of specific bronchiectasis, bronchial tubercu¬ 
losis, and more or less pronounced fibrosis of the lung. 



85 


ZEKBca; pul:mox.\ry kesectiox is LtlSG TirBEKCULOSlS 


In tlie sistli group "we included tliTee cases of excavated upper lobitis; in 
these cases ive bad to determine Yrbetber the indications Avere for lobectomy 

or thoracoplasty. ^ 

In the seventh group are 4 cases of cavities \dth a closed bronchus, “filled” 
\vith organizing caseous material. These cases are similar to the cases described 
as tuberculomas by the American authors.^ 

The eighth group considers a patient in rrhom the lesions vrere restricted 
to a segment of the limg. In this ease a segmental resection ^vas performed. 

Some or these indications, such as lesions under thoracoplasty, insufflated 
lesions under pnemnothorax, and the cavities of the lower lobe not cured by 
the common coUapsotherapeutie methods, are very well established indications 
in which the results are generally satisfactory. The other gi'oups of indications 
were considered as our experience increased. The majority of these cases in¬ 
volve lesions where only resection of that diseased part of the lung could bring 
about a cure. 

Eesults and postoperative complications of pulmonary resection generally 
vaiy according to the tiTie of lesion, and, therefore, to the indication under 
which the operation was perfomed. 

In Table m are set forth the relations between the operative indications, 
the postoperative complications, and the final results. 

Old opened cavities under pneumothorax are a good indication for resection. 
Among 14 patients operated upon for this indication, 5 pneumonectomies and 
9 lobectomies were performed, and only 2 patients presented postoperative com¬ 
plications, 1 being dissemination and 1 bronchial fistula and empyema. The 
12 patients without postoperative complications are clinically cni-ed. Of the 
other 2, one died and the other still has lesions with positive sputum. 

The exudative lesions, as we expected, represent the poorest indication 
for resection. Also these lesions show poor results no matter what therapeutic 
method is used. The patients operated on presented severe lesions of the 
caseous type, which commonly end in death under any of the usual treatments. 
Of the 11 reseetions, 9 were pneumonectomies and 2 lobectomies, with the fol¬ 
lowing results: 


Four presented disseminations; 5 had reactivation of old foci; 3 developed 
empyema, and only 2 showed an uneventful postoperative course. Five pa¬ 
tients died; 3 are alive but still have lesions and positive sputum; only 3 pa¬ 
tients out of 11 are apparently well and have negative sputum. 


Two pneumonectomies and 2 lobectomies were performed in a tToup of 4 
patients presenting residual cavities rmder extrapleural pneiunothorax In 
the postoperative period there was 1 dissemination; 1 reactivation• 9 bronchial 
fistulas %nth empyema; and only 1 patient had no complications. Two patients 
are dead; 1 is alive hut stfil has lesions and positive sputum-, onlv 1 patient is 
well and negative Xrom the hactenologie men-noint i ^ 

...0 ,,n, «iU o»nil. A,.Uon,h neooo.i.n «.«Plen.^ ^noIiZ'S:;;; 



Table III. Results in Relation to the Indication tor Operation in Pulmonary Resection in Tuberculosis 
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sometimes be more difficult teclmically, our impression is that it should he con¬ 
sidered a good indication, offering at present better results. 

Also the cavities under thoracoplasty are to be considered a good indi¬ 
cation. In a group of 12 patients, 5 pneumonectomies and 7 lobectomies ivere 
performed. Broncliial fistulas irfth empyema occun-ed in 3 patients; the other 
9 presented no complications. From those 12 patients, 2 died and 10 are 
clinically veil. As happened in the other groups studied, some of the deaths 
are directly traceable to the resections; however, others are not. This fact will 
be studied later on. 

Six pneumonectomies and 10 lobectomies were done in a group of 16 pa¬ 
tients with large insufflated cavities of the upper lobe. In some cases, there 
were also lesions in other lobes, which was the reason for our pneumonectomy. 
These patients presented the following postoperative complications: 4 dissemi¬ 
nations; 3 reactivations; 4 broncliial fistulas and empyema; and 1 empyema 
without bronchial fistula. Only 3 patients presented no complications. Six 
patients are dead; 1 is alive with lesions; and the other 9 are clinically cured. 

Ten lobectomies were performed on 10 patients with lesions of the lower 
lobe; there were 2 disseminations; 2 reactivations; 4 bronchial fistulas and 
empyema; 1 empyema without bronchial fistula; and 1 patient presented no 
complications. Four patients died and 6 are clinically cured. 

Twenty-four patients with extensive lesions, in one limg only, were treated 
by pneumonectomy, with the following results: 1 dissemination; 5 reactivations; 
3 bronchial fistulas and empyema; and 3 cases of empyema without bronchial 
fistula; the evolution in 13 patients was without postoperative complications. 
Of these 24 patients, 3 died, 3 are Ih-ing with lesions, and 18 are clinically cured. 

One pneumonectomy and 3 lobectomies were performed on patients with 
bronchiectasis and bronchial tuberculosis. One ease presented reactivation and 
3 no complications. All 4 patients are cured. 

On 3 patients with lesions of the upper lobe where we could start with 
thoracoplasty, 3 lobectomies were performed; we had 1 dissemination; 1 re¬ 
activation ; 1 bronchial fistula and empyema, and 1 patient ivith no complications. 
Two patients died and one is cured. 

Among 4 patients with “fiUed” and blocked cavities, we performed 1 pneu¬ 
monectomy and 3 lobectomies. There were 2 bronchial fistulas and empyema 
and 2 patients had no complications. One patient stiU has lesions and positive 
sputum, and 3 are clinically cured. 

One segmental resection was carried out on a patient with lesions of a 

c.mplica,-i.„3 and 
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pulmonary resection in lung tuberculosis 


sometimes lie more difficult teeffiiically, our impression is that it should he con¬ 
sidered a good indication, offering at present better results. _ 

Also the cavities under thoracoplasty are to he considered a good indi¬ 
cation. In a group of 12 patients, 5 pneumonectomies and 7 lobectomies were 
performed. Bronchial fistulas with empyema occurred in 8 patients; the other 
9 presented no complications. From those 12 patients, 2 died and 10 are 
clinically well. As happened in the other groups studied, some of the deaths 
are directly traceable to the resections; however, others are not. This fact will 
he studied later on. 

Six pneumonectomies and 10 lobectomies were done in a group of 16 pa¬ 
tients with large insufflated cavities of the upper lobe. In some cases, theie 
were also lesions in other lobes, which was the reason for our pneumonectomy. 
These patients presented the following postoperative complications: 4 dissemi¬ 
nations; 3 reactivations; 4 bronchial fistulas and empyema; and 1 empyema 
without bronchial fistula. Only 3 patients presented no complications. Six 
patients are dead; 1 is alive with lesions; and the other 9 are clinically cured. 

Ten lobectomies were performed on 10 patients with lesions of the lower 
lobe; there were 2 disseminations; 2 reactivations; 4 bronchial fistulas and 
empyema; 1 empyema without bronchial fistula; and 1 patient presented no 
complications. Four patients died and 6 are clinically cured. 

Twenty-four patients with extensive lesions, in one lung only, were treated 
by pneumonectomy, with the following results: 1 dissemination; 5 reactivations; 
3 bronchial fistulas and empyema; and 3 cases of empyema without bronchial 
fistula; the evolution in 13 patients was without postoperative complications. 
Of these 24 patients, 3 died, 3 are living with lesions, and 18 are clinically cured. 

One pneumonectomy and 3 lobectomies were performed on patients with 
broncliieetasis and bronchial tuberculosis. One case presented reactivation and 
3 no complications. All 4 patients are cured. 

On 3 patients with lesions of the upper lobe where we could start with 
thoracoplasty, 3 lobectomies were performed; we had 1 dissemination; 1 re¬ 
activation-, 1 bronchial fistula and empyema, and 1 patient with no complications. 
Two patients died and one is cured. 


^Vmong 4 patients with “filled” and blocked cavities, we performed 1 pneu¬ 
monectomy and 3 lobectomies. There were 2 bronchial fistulas and empyema 
and 2 patients had no complications. One patient still has lesions and positive 
sputum, and 3 are clinically cured. 

One segmental resection was carried out on a patient with lesions of a 
rpXris"S.r’“‘' and 







Table IV. Postoperative Coiiplications* From Pulmonary Eesection in Tuberculosis 
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The most severe complication was the dissemination of the trrberculous 
p„«ss, to ipciden« 13.3 per cent (14 cases) in the entne s'™*'J””' 
Lndmc to 11.3 per cent. (6 eases) ior the pncumonectonnes and 16 pc. cent 
(8 cases') for the lobectomies. Of the 14 patients who presented dissemination, 
onlv 3 (•'^14 per cent) are at this time clinically cured with negative spntinn; 
9 patients (64.2 per cent) died and 2 (14.2 per cent) still present lesions and 


positive sputum. _ ' 

Eeactivation of old established foci was observed in 18 cases (li.4 per cent). 
After the resection, these patients had negative sputum for some time, and then 
showed exacerbation of foci formerly inactive. This reactivation may or may 
not be related to the resection. In some cases where resection was not followed 
by a corrective thoracoplasty, there was an exaggerated expansion of the re- 
mainins part of the lung, which may be the cause of the reactivation. Howe\ ei. 
in other cases, reactivation of old foci took place without apparent cause, as 
frequently occurs with tuberculous patients. The reactivation of old foci was 
more frequent in the pneumonectomy group (11 eases, 20.7 per cent) than in 
the lobectomy group (7 cases, 14 per cent). Of the 18 cases, 6 are cured (SS.-s 
per cent), 6 are dead (33.3 per cent), and 6 still present lesions and positive 
sputum (33.3 per cent). 

Empyema and bronchial fistula was the most frequent complication. 
Twenty cases were observed (19.41 per cent) consisting of 7 (13.2 per cent) 
pneumonectomies and 13 (26 per cent) lobectomies. Of these patients, 8 are 
cured (40 per cent); 7 died (35 per cent), and 5 (25 jmr cent) stiU have lesions 
and positive sputum. 

Empyema without hronchial fistula was observed in 8 cases (7.7 per cent), 
7 after pneumonectomies (13.2 per cent), and 1 (2 per cent) after loheetomy. 
Of these patients, 4 are cured (50 per cent): 8 died (33.3 per cent), and 1 
(12.5 per cent) still has lesions and is bacteriologically positive. 

Other complications indirectly related to the resection were observed in 
5 cases (4.8 per cent). These were transfusion accidents, pnlmonaiy embolus, 
intestinal hemorrhage, cardiac insufSeiency, and 1 case of sudden death. These 


patients all died. 

Of the entire series, only 48 patients (46.6 per cent) had no complications, 
26 after pneumonectomies (49 per cent) and 22 after lobectomies (44 per cent)! 
All of these patients are cured. 

Postoperative complications presented a greater incidence in the early 
cases of our series, and at the moment they are less frequent. In the first ^7 
patients operated on, from February, 1946 to December, 194S, streptomycin was 
not used It has been proved by various antliors that this antibiotic decreases 
ttie number of compHcations and the mortality when administered durin- the 
pre- and postoperative periods. ® 
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to the operation and caused by postoperath’e complications-3 disseminations, 
2 empyemas, and 1 opening of the bronchus in the immediate postoperati% e 
period followed by aspiration of the hemothorax. Four other deaths u ere 
indirectly related to the pneumonectomy (7.5 per cent), of these death 
being due to transfusion accidents, 1 to pulmonary embolism, and 1 to cardiac 
insufficiency. Two patients (3.7 per cent) succumbed on account of the evolu¬ 
tion of new pulmonaiw lesions, after they had shown negative sputum for 
two and twelve months, respectively. 

The causes of death were also divided into three groups concerning lobec¬ 
tomies (Table VIII). In the first group, 7 deaths (14 per cent) were directly 
related to the resection—6 disseminations and 1 empyema and toxemia. In 2 
cases (4 per cent) death was indirectly related to the surgical procedure and 
in 1 instance followed hemorrhage in intestinal lesions; the other patient died 
suddenly from an unknown cause. In the third group, four patients (8 per 
cent) died as a result of new lesions, after periods of two, four, and thirtj" 
months with negative sputum tests. 


T.\ble l UTT Eesults (Eoleow-up, Kixe iloxTHS TO Five axd Oxe-haef Years) ix 
PCLMOXAET RESECTIOS IS TCBERCTTLOSIS 



PXEUMONECTOitT 

1 (53) 

LOBECTOSIT AXB 
SEGitEKTAL 
KESECTTION 
(50) 

TOTAL 

(103) 

Clmically well and negative 

34 (64.1%) 

34 (68%) 

68 (66%) 

Badiolo^c lesions and positive 

7 (13.2%) 

3 (6%) 

10 (9.7%) 

Deaths directly connected to 
the resection 

6 (11.3%) 

7 (14%) 

13 (12.6%) 

Deaths due to other causes 

6 (11.3%) 

6 (12%) 

12 (11.6%) 


RESULTS 


Table VIII sunmiarizes total results observed in 103 cases. Sixty-eight 
patients (66 per cent) are clinically cured, ivith negative sputum, and are being 
observed for a period of from nine months to five and one-half years. Among 
these cured cases, there are 34 pneumonectomies and 37 lobectomies, correspond¬ 
ing to a percentage of cure for these two operations of 64.1 per cent and 68 
per cent, respectively. 


From a total of 103 patients, 10 (9.7 per cent) still present radiologic 
lesions and positive baciUoscopy. Among these patients, 7 had pneumonectomies 
(13.2 per cent) and 3 lobectomies (6 per cent). 


ihn-teen patients died (12.6 per c( 

6 of them being pneumonectomies and 7 lobectomies. The mortality w^s"^ 11^3 
per cent in the case of the pneumonectomies and 14 per cent for the lobectomies 
Twelve other patients (11.6 per cent) died during this period of observation' 
due to causes indirectly related to the resection, with a percentage of 11.3 per 
c n an _ per cent, respectively, for the 6 pneumonectomies and 6 lobectomies 




The statistical data gathered in this series enaWo i 

.r p.,tao„u.y resection in ,„betenl.„ patients. I, n.„st be^t^i“SttTt 
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the first patients were operated on before the systematic nse of streptomycin 
and therefore presented a great number of complications and deaths. The 
situation is now improved tlirongh the evolution of a better technique and the 
experience acquired in the matter, and a large number of the patients operated 
on have an evolution without complications. 

Results are directly related to the operative indications. The best results 
were observed in open cavities under pneumothorax; in residual lesions after 
thoracoplasty; in cavities of the lower lobe; in fibrotic lesions without cavities 
and with specific bronchiectasis; and in “filled” and blocked cavities due to 
the closure of the drainage bronchus. In these cases, pulmonary resection 
offered a satisfactoiy number of patients clinicallj- cured, accompanied hj^ nega¬ 
tive baeilloscopjL Also it was obseiwed that the number of postoperative compli¬ 
cations was less in these gi'oups of patients. 

In patients with extensive lesions localized in one lung, results were also 
verj'^ gratifying. All of these cases involved extensive lesions of long standing, 
well established and with little exudation. One technical detail that probably 
favored results in this group was the possibility of closing the bronchus of the 
diseased lung bj’’ means of special tubes and balloons, making it possible to 
perform the pneumonectomy without the danger of dissemination of tubercu¬ 
losis to the other lung. This is not always possible when performing a lobectomy. 

The poorest results in our series were observed among the patients vith 
exudative lesions and caseous pneumonias under pneumothorax. These patients, 
wth less established lesions, presented a great number of postoperative compli¬ 
cations and a high mortality rate. 

"When the tuberculous pi-oeess is limited to a single pulmonary segment, 
segmental resection generally offers good results. In this series of patients, 
operated on up to Januaiy, 1951, we had only one case of segmental resection. 
Since Januaiy, 1951, there have been other cases, which will be discussed in a 
later communication. 

From a technical standpoint, many details could be discussed, as pulmonary 
resection in tuberculosis requires special care not necessitated in resections 
performed for other pulmonary diseases. Whenever possible, the bronchus 
corresponding to the part of the lung to be removed was blocked. This blockage 
was done by means of tubes carrying balloons, or double-lumen tubes. The 
Overholt prone position was always used, and we always took care to ligate 
the bronchus first. Whenever possible, before, during, or after the resection, 
a corrective thoracoplastj^ was performed. In some cases, the large distention 
of the remaining part of the lung Avas piwented by the use of pneumothorax. 
We do consider it important to protect the remaining lung. Of our patients, 17.4 
per cent presented reactiAmtion of old lesions, after a variable period of negative 
bacilloscopy, after the resection. In these patients, no protective thoracoplastj" 
Avas pei’formed to offset the hyperdistention of the lung. This is especially 
dangerous after pneumonectomies, due to the shifting of the mediastinum. In 
20.7 per cent of our pneumonectomy patients on AAliom no posterior thoracoplasty 
was carried out, there developed reaetiA'ation of old foci Avithin the remainder 
of the lung, gfter the absorption of the hemothorax. 
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IX Besblts (roBLOW-OT Prom XevE Moicras TO PI^ axd On-e-H-Vlf Tears) ix 
Taeie IX. RESULTS (. Eesectiox IX Tebercclosis 


-- , 

I 

TOT.AI. I 

(103 cases) 

, UXHIi DECEMBER 

1 194S 

1 (27 C.ISES) 

JAX. 1949 TO 
j.ix. 1951 
(76 CASES) 

Clinically cnied 

Badiological lesions and 

6S (66.0%) 

10 (9.7%) 

13 (4S.1%) 

2 (7.4%) 

55 (72.3%) 

S (10.5%;) 

spntmn poative 
■yiortalitv directly connected 

13 (12.6%) 

6 (22.2%) 

7 (9.2%) 

to the resection 

MortaBty due to other causes, 
including neiv foci of 
tuberculosis 

12 (11.6%) 

4 (14.S%) 

S (10.5%;) 


Latft results of pulniouaix resections in tuberculosis remain precarious. 
A mortality of 12.6 per cent and a high morbidity of 53.4 per cent due to late 
postoperative complications Avould indicate this method to be inferior to other 
procedures of surgical eoUapsotherapy. Only 66 per cent of the patients of 
tliis series are clinically cured, mhereas ire Inioiv that the percentage of cures 
by other procedures can be higher. We must recall, hoivever, that the results 
of the resections shoiv constant improvement ivith the experience acquired, the 
latest patients in our series presenting fewer complications and a gi’eater number 
of cures. From this point of view, we can diiide oiu' 103 cases into two groups 
(Table IS). 

The fii-st group includes 27 patients operated on up to and including 
December, 1948; these patients did not receive streptomycin routinely in the 
pre- and postoperative periods, and the surgical procedure in these eases did 
not include certain technical details which have now been introduced. Of 
these patients, 48.1 per cent are clinically cured; 7.4 per cent stiU present 
radiological lesions and positive sputum; 22.2 per cent died from causes di¬ 
rectly related to the resection; and 14.8 per cent died from other causes, includ¬ 
ing those deatlis due to new foci of tuherculosis. 

In the second group are 76 patients operated on from January, 1949, to 
Januari', 1951. In this group, the patients all received streptomycin routinely, 
and there were 72.3 per cent of the patients clinically cured; 10.5 per cent with 
i-adiological lesions and positive sputum; a mortality of 9.2 per cent due to 
causes directly related to the resection; and 10.5 per cent of deaths due to other 
causes. 


SUMir.AKT 


1. One hundred three cases of pulmonary resections for the treatment 

of puhnonaiy tulierculosis were studied. These patients were operated on from 
February, 1946, through Januaiy, 1951, there being 53 pneumonectomies, 49 
lobectomies, and 1 segmental resection. In a group of 76 patients operked 
on after December, 1948, streptomycin was administered routinelv pre- and 
postoperatively. These patients showed better results than did those operated 
on earlier. The following data refer to these 76 patients. ^ 

2. The principal postoperative complications were: 

(a) Dissemination in 7.8 per cent of the c-ispe , t , 

after lobectomies than after pneiLonectomris; ’ 
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(b) Reactivation of old established foci in 18.4 per cent of the cases, 
more frequently found in pneumonectomies than in lobectomies; 

(c) Bronchial fistula and empyema in 12.1 per cent of the eases, more 
often following lobectomies; 

(d) Empyema rvithout hronchial fistula in 6.5 per eent of the eases, 
more commonly after pneumonectomies. 

3. Of the patients, 9.2 per eent died due to causes direetly conneeted with 
the resection; mortality was less in pneumonectomies than in lobectomies. Of 
the patients, 10.5 per cent died due to causes indireetly related to the reseetion; 
included in this group are deaths due to new foci of tuberculosis after a period 
of negative bacilloseopy. 

4. Of the patients, 72.3 per cent are clinically cured and have negative 
sputum, and 10.5 per cent still present radiological lesions TOth positive sputum. 

5. The patients who showed the smallest number of postoperative compli¬ 
cations and the largest number of cures were operated upon under the following 
indications; open cavities under pneumothorax, residual lesions after thoraco¬ 
plasties, cavities of the lower lobes, and fibrotic lesions without cavities and 
with bronchiectasis and “filled” and blocked cavities. 
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A SniPLE TEST OE PEL^IOlsAEY EUNCTION E^IPLOYING 

THE OXIilETER 

Egbert S. Alexander, Ph.D., axd JIelvdc il. PETDitAX, II.D. 

Cleveland, Ohio 

TN EESPONSE to a constantly increasing demand for means of exalnating 
1 pulmonary function in patients mitli pulmonary disease, a great many test¬ 
ing procedures have been developed. The ventilatory mechanics^ of the lungs 
may now he adequately evaluated by measurements of mtal capacity, maximum 
breathing capacity, breathing reserve, and a study of the breathing pattern. 
Evaluations of the efficiency of gas exchange in the lungs are not as readily 
made.^ Intensive analyses of pulmonary function of the type described by 
Eiley and Coumand’ are of great value in selected cases, but such, procedures 
are well beyond the scope of routine tests to be employed in the average in¬ 
stitution. 

The oximeter has come to be recognized as a simpler means of obtaining 
information as to blood gas exchange, and many applications of this instrument 
have been described. Because of the obvious importance of the speed with 
which gases can be equilibrated between the inspired air and the blood, several 
have studied the time required for the change in hemoglobin saturation between 
air and oxygen breathing.^'*^ Unfortunately, tests of this type concern them¬ 
selves with the flat portion of the hemoglobin dissociation curve where signifi¬ 
cant changes in blood oxygen tension correspond with changes of only a few 
percentage points in saturation, a circumstance demanding extreme accuracy 
of the measuring instrument. Inherent limitations in the method of ear 
oximetry* render such accuracy difficult, if not impossible, to attain. It would 
be much more desirable to work at levels of hypoxia where the steeper slope of 
the dissociation curve would minimize the significance of smaU instrumental 
errors. In addition, direct analytical methods have clearly documented the 
value to be derived from studying patients under conditions of mild bypoxia 
as well as under normal conditions of oxygenation.® AYe have therefore de¬ 
veloped a method which offers the advantages of simplicity combined with a 
relatively high degree of accuracy to measure the rapidity with which a patient 
can resaturate the blood hemoglobin from the hypo.xic condition. Aside from 
the oximeter, it requires no equipment other than that which is available in 
any hospital. 


Apparatus .—This test requires a single-scale compensating oximeter of the 
Millikan tj-pe.* To avoid the inaccuracies of saturation changes over a very 
range, a 10 per cent change in saturation was selected as the reference 


From The ileCical Uesearch Lahoratorv. Veterans Hosnital 
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,-*b^.have employed oximeters manufactured bs- Coleman t 

and by Waters Conley Co.. Rochester. Minn. In gen^l .l?®'AYoTi''ooa, 111., 

satisfactory for routine testing purpoSiS, alUou^ the instru- 

rtquired if deeply plemented Xesroes are to^^be tested. ougn the Waters Conley instrument is 
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index. Some degree of instability in the saturation readings maj^ result from 
minor fluctuations in tlie excitor lamp voltage. "We have therefore introduced 
a voltmeter with an easily read 3 inch scale into this circuit, together with a 
series resistance for adjusting the voltage. By setting this A'oltage slightly be¬ 
low the maximum obtainable, drifts in the batteiy voltage as indicated on the 
meter can be compensated by adjusting the resistance and thereby hold the 
intensity of the excitor lamp constant. This arrangement has the further ad¬ 
vantage that with the occasional patient whose skin is too delicate to tolerate 
the normal heat of the lamp, a slightlj’’ lower voltage maj^ be selected and thereby 
eliminate discomfort for the patient. 

In addition to the oximeter, the test requires use of a spirometer equipped 
with a COo absorber of the type used for basal metabolism recording, and some 
form of timing device. The respirometer as described by Cournand' is particu¬ 
larly well suited to this procedure, but any basal metabolism recording machine 
having a capacity of 6 liters or more may be used. It is desirable, though not 
essential, to have the cutoff valve of the spirometer built into the mouthpiece 
connector at the patient end of the breathing tubes, so as to be able quickly to 
switch the patient from spirometer breathing to room air breathing. Instru¬ 
ments with the cutoff valve located in the base of the spirometer would require 
removing the mouthpiece to accomplish this switch unless a correction factor 
is introduced for the dead space of the breathing tubes. Similarly, to facilitate 
changing the gas mixture in the spirometer without removing the mouthpiece 
from the patient, a pair of large three-way valves have been introduced into 
the breathing tubes through which the spirometer maj’’ easily be flushed and 
filled with room air. For timing purposes, any clock or watch with a sweep 
second hand may be used, but a stop watch or second indicator of the metronome 
type is preferable, since it permits the operator to keep his eyes fixed on the 
oximeter while the resaturation time is measured. 

Procedure .—The patient is instructed to lie down and relax upon a suitable 
cot. The oximeter is turned on and adjusted, and the earpiece applied to the 
patient. A ten-minute interval must then elapse to permit warming of the ear 
and maximal dilation of the blood vessels.® We take advantage of this interval 
by using it to obtain vital statistics and a brief histoiy from the patient. The 
patient is reassured as to the simple nature of the test and impressed with the 
fact that his only duty will be to relax and breathe naturallj^ into the spirometer 
until the test is completed. 

At the end of the warm-up period, the spirometer is filled with pure oxygen, 
the mouthpiece and noseclip applied, and the patient begins to breathe into 
the spirometer. For some edentulous patients, or others who find this method 
quite uncomfortable, a face mask may be substituted, providing the connections 
to the spirometer do not significantly increase the dead space. The voltage 
reading in the excitor lamp circuit is checked at intervals throughout the test, 
and kept accurately at the predetermined value. We usually run the lamp 
at 5.7 volts instead of the 6 volt maximum to permit adequate adjustment for 
battery drifts. 
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Unless severe fiuictional deficiencies are present the oxnneter vail usnally 
l,e Mell stalnUzed at the end oi tliree minutes of oxygen breathing at a leve 
ivhich. bv adjustment if necessary, should read 100 per cent saturatton on th 
oximeter scale. If at this time an upward drift of the oxmieter persists, oxygen 
breathins is continued until a 100 per cent reading is maintained. The valve 
is then toned to cut the patient off from the spirometer and aUow him to breathe 
room air. Vithin three to four minutes most patients will show a drop to a 
stable saturation level wliich is i-ead on the oximeter and i-ecorded as the lasal 
sahiraiion. TVith severe deficiency a longer time lapse may be required to 
achieve stabilizatioiL 

TThile waiting for stabilization, the siiirometer is emptied and then filled 
and emptied three times with room air. W iih tlnee-way valves in the breathing 
tubes this may be accomplished without disturbing the patient, othenvise it will 
be necessary to remove the mouthpiece in order to flush the spirometer. The 
spirometer hell is then filled with about 6 liters of room air. The exact volume 
reqiiii'ed will vary with the volimie oi the dead space oi the particular apparatus 
employed, but the total volume should be sumcient to allow the patient to con¬ 
sume about 1.5 liters of oxygen without danger of exhausting the gas volume 
in the spkometer beU on iusiiiration. An unnecessarily large initial volume 
of air in the spirometer serves only to prolong the test. After the spirometer 
has been flushed and properly filled with air and the patient stabilized at his 
basal saturation level, he is turned back for spirometer bi'eatliing. 

It will be apparent that as the patient rebreathes from tliis air-fiUed spi¬ 
rometer, his oxygen consumption will progressively lower the oxygen tension 
in the system. For the first three to four minutes the hemoglobin saturation 
will fall very slowly. Then as the oximeter reading drops below 90 per cent, 
a progressivel.v more rapid fall is observed. This fall is frequently cut short 
for a brief period by mild reflex hyperpnea. In any case, the oximeter is watched 
elosel.v until the reading drops to SO per cent saturation. The patient is then 
immediately cut off from the spirometer and switched to breathhnr mom air. 
Ir the apparatus does not have a valve at the mouthpiece, the mouthpiece must 
he removed at this point to achieve inunediate convei-sion to room air breathins. 
Tlic iime is accuraichj measured for the return of the saturation from SO to 90 
per cent. This time is recorded as the resaturaiion time. 

This reading teraiinates the test unless a deficient resatiuntion time of 
more than twenty seconds is recorded. In that case we have found it advisable 
to recheek the setting of the oximeter to make certain that there is no instru¬ 
mental error. This is accomplished by refiUing the spirometer with pure o.xycen 
and turning the patient back for spirometer breatliinn for another two to toee 
minutes. Proper instrument standaixlizatiou tvill be indicated bv a return of 
the oximeter reading to 100 per cent. AVe regard a recheck value of over 9^5 
per emit tvith o.xygeu breathing as evidence of a valid test -. a recheek wlihl, 
stabilmc-s below this level with o.xygen breatliing indicates sinuificant instni 
mental or technieal error and the test should be repeated T,,ct i 

of the order of 1 per cent between the o'Th 
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In carrying out tliis test, it is obviously essential to maintain efBcient ab¬ 
sorption of COo in tlie spirometer circuit at all times in order to exclude any 
complications due to liypercapnea. This necessitates changing the soda-lime 
absorber after every ten to fifteen tests, depending upon the capacity of the 
absorber. 

Normal Values .—Many studies have been made of the basal hemoglobin 
saturation in normal adults. Although the results have shown some variation, 
most recent -work has placed the normal saturation level at somewhere between 
96.0 to 98.5 per cent. Thus AVood and associates" found in 35 normal adults 
an average value of 96.7 ± 0.3 per cent, while in 41 subjects Ferguson and co- 
workers“ obtained an average of 96.0 ± 0.17 per cent. Greifenstein and asso- 
ciates“ cited normal values in their laboratoiy of 97.4 + 2.1 per cent. Drabkin 
and Schmidt*" studied 5 normal subjects, and found all values to be above 98 
per cent. Baraeh and Steiner*" studied 8 normal subjects and 11 patients with 



Fiff. 1.—Resaturation time values (80 to 90 per cent) measured on 55 normal adults. 

coronary artery disease, and in no case found a basal saturation below 96 per 
cent. In view of these findings, and on the basis of our own experience, we 
have set 96.0 per cent as the lower limit of what we regard as a definite^^ noi'inal 
value for the basal saturation. Obviouslj'^ the selection of a normal limit as 
high as this does not warrant the assumption that patients who fall slightly 
below this limit must necessarily have a pathologic deficiency. Nevertheless it 
indicates that a subnormal function level is being maintained which, when cor¬ 
related with other findings, may appear to have clinical significance. 

Normal values for the resaturation time recoi-ded in this test w’ere obtained 
from tests on 55 normal adults in good health who had no history of pulmonary 
or cardiac disease. This group was composed of 18 males and 37 females with an 
average age of 23 years, ranging from 17 to 46 years. No significant differences 
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were observed between the sexes or betiveen the younger and older individuals 
in tbe resaturation times recorded. The results of tliis study are shown in ig. 
1. The mean resaturation time was 13.4 seconds with a standard delation o 
±3.4 seconds. On this basis a resaturation time of 20 seconds, whicK is approxi¬ 
mately two standard deviations from the mean, has been selected as the upper 
limit of normal. Besaturation times between 21 and 30 seconds are considered 
suggestive of some pathologic deficienej* and values above 30 seconds are con¬ 
sidered to indicate definite pulmonary deficiency. 

Residis of the Test in Patients with Knoicn Pulmonarij Disease.—Table I 
summarizes the readings obtained upon 300 hospitalized patients with pulmonary 
tuberculosis. No specific selection was involved except for the exclusion of 
patients who showed clinical evidence of cyanosis. It should be emphasized 
that this test is designed specifically to detect unrecognized cases of deficiency 
in pulmonary gas exchange and is not applicable to patients with definite 
cyanosis in whom the hasal saturation will he well helow the 90 per cent level. 


T.\ble I. UisTRiBunox" OF Test Besults ox 300 Tuberculods Patiexts 


RESATURATIOX 

TOTE 

(SECO^^)S) 

bas-vl-satueatiox (pep. cent) 

100-9S.0 

97.9-96.0 

95.9-94.0 

93.9-92.0 

91.9-90.0 

TOTAL 

Less than 21 

17 

123 

28 

1 

0 

169 


1 

29 

17 

1 

0 

48 

31-60 

2 

22 

13 

6 

0 

43 

61-120 


6 

12 

6 

0 

24 



2 

5 

3 

6 

16 

Total 

1 20 

1S2 

75 

17 

6 

300 


In evaluating the results shown in Table I, consideration must be given to 
the pathologic physiology that may be involved in these cases. Eiley and 
Cournand^ have stressed the importance of maintaining a normal ventilation/ 
perfusion ratio in the lung alveoli. Ventilation may he deficient due to a purely 
quantitative reduction in the volume of ventilation for either local alveoli or an 
entire lung. Tliis would be observed in such conditions as therapeutic collapse, 
severe pleural thickening preventing adequate expansion of the lung, and to 
varying degrees in many types of infiltrative processes. Such a pure ventilatory 
defect would obviously result in inadequate aeration of the blood perfusing the 
alveolar capillaries and thus act to lower the basal saturation. Nevertheless, 
when confronted with a sudden change in the inspired oxygen tension, there is 
no barrier to rapid gas diffusion in such lungs and therefore the resaturation 
time would be influenced to only a minor degree. 

In contrast, ventUation may be interfered ufith in a qualitative maimer by 
mposnig a harner to the diffusion of gases betiveen the inspired air Zd Z 
tos alv<K,l.. This defect is oWed dassieall,- i. emphrscLtiS its let 
dead spaces laterienng pith rapid diffusion, and tcould also be observers 

tend t. iotver the alveeiar oaT.en .e-pslen sonteuba,. Ho^evlfre 
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saturation does not drop significantlj' until there has heen a marked reduction 
in the alveolar oxygen tension, the basal saturation will not be lowered sig¬ 
nificantly until the defect becomes severe. However, when presented with the 
problem of resaturation from the hypoxic condition, a patient with a barrier to 
efficient gas diffusion should exhibit a significant prolongation of his resatura¬ 
tion time. 

To evaluate the possibility of differentiating these conditions with the 
oximeter test employed here, oximetry findings were compared with a careful 
analysis of breathing patterns for evidence of functional emphysema. As 
described by Cournand,^ breathing patterns which show abnormal prolongations 
of deep expirations, inabilitj^ to maintain a rapid rate of breathing, and a 
tendency for the expiratory position to ride up toward the inspiratoi’y position 
with successive deep or rapid respirations were considered as mechanical 
evidence of significant functional emphysema which might be expected to be 
associated with diffusion defects. Of the 32 patients in Table I who showed 
saturation times greater than 30 seconds but basal saturations above 96.0 per 
cent, all 32 showed marked evidence of emphj'sema in their respiratory patterns. 
None of these patients were found to have had anj’' therapeutic collapse. These 
findings are in accord with what Avould be anticipated in the presence of a 
diffusion defect. 

On the other hand, patients wdth basal saturations below 96 per cent but 
with resatiu'ation times of less than 21 seconds should represent those with simple 
ventilation deficiencies. Actually 25 of the 29 patients in this latter group w'ere 
found to have had therapeutic collapse of one or both lungs when the test wms 
made. Only 7 patients exhibited respiratory patterns which we would consider 
to be suggestive of some emphysematous disturbance, and in none of these was 
the condition marked. 

In the remaining deficient groups, no consistent correlation was observ'ed 
betw'cen clinical findings, respiratory patterns, and oximetry readings which 
would justify the use of the oximetry readings to diffei'entiate the nature of the 
pulmonary disturbance. On this basis, of the total of 160 patients vffio were 
considered to have some deficiency in tlieir oximetr}', 99 or 62 per cent were 
found to have deficiencies of an apparently mixed tj"pe which could not be 
differentiated further, while in 38 per cent the deficiency could be identified as 
being either of the ventilatory or the diffusion t3’^pes. In terms of the total 
tuberculous population of 300 patients tested, 47 per cent had no oximetrie 
deficiency, 33 per cent had deficiencies of a mixed tj'pe, and 20 per cent had 
deficiencies wdiich could be differentiated as either ventilatory or diffusion in 
nature. 

Reproducibility .—The reliability of any test must be established in terms of 
its ability to give ecpiivalent values wdien the same subject is retested. We 
have found it impractical to attempt to perform two complete tests in suc¬ 
cession. upon the same iiatient because of the progressive discomfort of the 
mouthpiece and noseclip and the drj'ing of the mouth which results from 
spirometer breathing. A series of 15 patients was selected, therefore, -whose 
disease was stable enough so that changes in pulmonary function would not be 
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expected to occur over short intervals. Eetestiug of these patients, at an interval 
of a few days to several weeks after the initial test, revealed very good agreement 
between the values of the two tests as shouTi in Table II. As illustrated by the 
last case in this series, and as we have observed not infrequently in subsequent 
experience ^vith the test, patients with extremely prolonged resaturation times 
sometimes exhibit considerable quantitative variation in the actiial resatiiration 
time values, hiit in no ease have such variations obscured the presence of a 
marked deficiency in each test. 

Critique: Technical .—The outstanding feature of this test is its simplicity. 
A technician acquainted with basal metabolism testing can learn how to perform 
this test in a single day. The entire test, from the time the patient enters the 


Table II. Besclts of Betests XJpox the Same Patiext 


PATIENT ' 


DATE 

BASAL SATUr..ATIOX 

(pep. cext) 

7/2S/49 

96.S 

7/29/49 

96.2 

10/25/49 

96.7 

11/ 1/49 

96.4 

2/10/50 

96.9 

2/20/50 

96.5 

3/2S/50 

97.2 

4/19/50 

97.0 

4/26/50 

90.S 

S/23/49 

96.9 

10/12/49 

97.0 

4/ 5/50 

97.1 

4/1S/50 

97.1 

1/26/50 

96.5 

2/14/50 

90.5 

6/16/49 

95.2 

S/23/49 

96.1 

11/16/49 

97.1 

1/25/50 

96.4 

2/ 2/50 

96.0 

3/ 7/50 

90.5 

2/16/50 

96 0 

2/27/50 

96.2 

1/12/50 

90 9 

3/15/50 

96.S 

3/13/50 


3/23/50 

94.9 

2/10/50 


2/12/50 

96.9 

11/15/49 


1/30/50 

i*a.o 

94.S 


KESATUPATIOX TIME 
(SECOXDS) 


J.B. 

B.L. 

S. C. 
TV. tv. 

T. H. 

B. B. 

C. B. 

P.F. 
B. S. 

E. J. 

G.M. 

B.C. 

D. K. 
n.G. 
B.TV. 


11 

11 

12 

11 

11 

12 

15 

IS 

15 

17 

16 

16 

20 

in 

21 


20 

27 

26 

23 

3S 


50 

50 

62 

55 

110 

101 
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laboratory until the final report is filled out, requires about 30 minutes. From 
the standpoint of the patient, it entails little more than the standard basal 
metabolic rate test which it closely resembles. Subjective symptoms of hypoxia 
are minimal. In contrast to many tests of pulmonary gas exchange which re¬ 
quire breathing according to specific instructions, this test involves only natural 
respiration. It therefore is not dependent upon any significant degree of 
patient cooperation or patient intelligence. Small leaks around the mouthpiece 
or face mask, which constitute a major hazard in many pulmonary function 
tests, are of no importance provided that the leaks are not so great as to prevent 
attainment of the 80 per cent saturation level. This test may be carried out at 
the bedside of the patient Avho is acutely ill as well as on the ambulatory patient. 
Indeed we have encountered many instances where acute complications such as 
hemoptysis and severe chest pain have contraindicated the usual ventilatory 
tests, and oximetry appeared to be the only functional test that could be per¬ 
formed with safety. 

A particular feature of safety in this test is that the degree of reduction in 
the oxygen tension in the inspired air is automatically determined by the pa¬ 
tient’s own functional capacities. Analyses of the oxygen content in the spirom¬ 
eter at the 80 per cent saturation level have revealed that, in the patient with 
severe functional impairment, this level may be reached at 13 to 15 per cent 
oxygen; while in others the inspired oxygen may fall to as low as 7 per cent 
before the 80 per cent saturation level is reached. One thereby avoids the possi¬ 
bility of precipitating an anginal attack in a patient with severe cardiopulmo¬ 
nary disease who is exposed to a predetermined level of restriction in the inspired 
oxygen tension.^* It is for this latter reason that we terminate the hypoxia at 
the entirely safe level of 80 per cent saturation. 

A source of variation in the resaturation times observed in normal subjects 
(Fig. 1) resides in the variable degree of respiratory stimulation associated with 
mild hypoxia in different subjects.*®’ *® Since the initial portion of the resatura¬ 
tion process is strongly influenced by the exact depth and rate of the first few 
breaths after the switch-over to air breathing, the pattern of the initial rise in 
the oximeter reading is quite variable. In addition, most individuals exhibit a 
posthypoxic depression in saturation, such that, after the return to room air 
breathing, the oximeter will rise to only 94 or 95 per cent and then often fall a 
point or two before slowly climbing to the original basal saturation level. The 
80 to 90 per cent interval was therefore selected as the optimal index to resatura¬ 
tion, since it reduces the importance of the initial portion of the process but still 
stays comfortably below the posthypoxic depression in saturation. On this 
same basis, however, it is important to recheck the 100 per cent saturation setting 
on the oximeter when delayed resaturation times are observed. Errors of greater 
than 1.5 per cent in the oximeter reading could result in a confusion of the 
normal posthypoxic depression in saturation with an apparent prolongation of 
the 80 to 90 per cent resaturation time. 

In spite of its variability, the respiratory stimulation during the hypoxic 
exposure is usually not more than 50 per cent above the basal ventilation rate. 
In occasional subjects, however, significantly greater degrees of hyperpnea are 
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observed tvhich can introduce complications into the resaturation time determin - 
tion. men sucb individuals are returned to air breatlung,^ some mtU demon¬ 
strate a prompt aeapneic depression of respiration ivbicb iviU tend to prolong 
the resaturation time. Others carrv the hyperpnea over through the resatura- 
tion period and thereby abbreviate the resaturation time. In our experience 
errors from this source do not become significant until hyperpnea in exc^s of 
20 liters per minute is encountered. Ve therefore have adopted the practice of 
calculating the ventilatory rate at the end of the hypoxic period from the 
spirometer record. If the minute volume of respiration at this time is over 20 
litera, the test is considered invalid and repeated. It should be understood that 
retesting for tliis reason is required in only a very small percentage of patients; 
nevertheless, in evaluating individual patients, a serious error might be made if 
complications of this nature vere not recognized. 

Critique: Theoretical .—^When used for the routine evaluation of patients, 
it is obvious that this test in itself has limited value until it is correlated vrith 
the over-all clinical and laboratory findings. Like most tests of this nature, it 
does not indicate vrhether pulmonary deficiencies are due to primary pulmonary 
disease or to pulmonary disturbances secondary to cardiovascular disease. Its 
interpretation is also conditioned by the assumption that there are no abnormal 
vascular shunts by-passing the pulmonary bed and no abnormalities in the blood 
hemoglobin to invalidate the oximeter method. 

The ability of this test to distinguish whether deficiencies are dominantly 
due to simple ventilatoiy defects or to diffusion defects cannot be compared in 
accm’acy to the information that can be obtained by direct analysis of alveolar 
and blood gases.^ On the other hand, it must be recognized that in many chrordc 
lung diseases one would expect to find both types of deficiency present. There¬ 
fore the large proportion of patients with tuberculosis who showed mixed oxi- 
metrie deficiencies (see Table I) is not unreasonable. From a clinical standpoint, 
it is the more extreme examples of the two types of deficiency which it is most 
important to identify, and it is felt that the test described here offers some real 
assistance in making tliis type of differentiation. 


Originally it had been hoped that the interpretation could be carried some¬ 
what further by obtaining more data upon respiration at the hypoxic level. 
Theoretically it should be possible to calibrate the system so that the amount of 
oxygen consumed by the patient, as indicated by the spirometer record, could be 
converted directly into the tension of oxygen in the inspired air at that time 
This, correlated uith the ventilation rate and saturation, should throw further 
light upon pulmonary gas exchange. Actual gas analyses together with pneu¬ 
mographic studies of changes in chest volume, however, revealed that chan-es 
m the tonus of mspiratorj- muscles associated nith hypoxia’^ « so distort the 

“ '' “'-“Mate such an analysis o£ the 


The esaet degree o£ signiScanee tchich should be attributed to the mao 
luge that ace -rithiu nocma. Hndts' Such aralire'oZoT^ 
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those cases where the diseased area has been essentiallj'' excluded from contribut¬ 
ing to pulmonary function and where secondaiy processes have not resulted in 
diffuse damage to the remaining lung. On the other hand, in those cases wliere 
deficiencies in the oximetiy readings are observed, there is as yet no adequate 
basis for assessing how severe a defieiene 3 '^ should be present in order to con¬ 
traindicate major chest surgeiy. In our own experience, however, we have 
found this oximeter test, when Aveiglied together with tlie over-all clinical pic¬ 
ture, of considerable practical value, as may be best illustrated bj^ the brief case 
reports given Iiere. 

ILLUSTRATIVE CASES 

Case 1.—R. K., a 43-year-ol(l white man, had known pulmonarj- tuberculosis over a 
period of eight years with bilateral apical cavitation. Pneumoperitoneum, right phrenic 
paralysis, streptomycin, and PAS had served to control the disease considerably and closed 
the cavity on the right. The cavity in the lelt upper lobe persisted, and the patient was 
considered for major surgery. 

Clinicallj' this patient appeared to be onlj- a fair operative risk. His appetite was 
poor and he was underweight. Chest roentgenogram revealed, in addition to the cavity on 
the left and dense scarring in the right apex, considerable scattered mottling throughout both 
lung fields with numerous stringy shadow.s. 

In the laboratory he was found to have a vital capacity of 3.1 liters or 70 per cent of 
normal. Maximum breathing capacity was 61 liters per minute. The respiratory pattern 
showed definite abnormalities interpreted as loss of normal lung elasticity. Oximetry revealed 
a basal saturation of 96.8 per cent and a resaturation time of 90 seconds, indicating a severe 
deficiency of the diffusion type. On this basis the clinical impression of a fair operative 
risk was revised to that of a poor operative risk and major surgery was deferred. 

This ease illustrates a common problem in chronic pulmonary tuberculosis. 
Deficient pulmonaiy function must ahvaj's be suspected in the presence of 
radiological evidence of diffuse fibrosis, but ive liave observed manj^ such cases in 
which pulmonary function remained reasonablj^ good. Knowledge of the func¬ 
tional significance of these fibrotic shadows, as obtained by the oximeter test, 
may aid considerably in formulating the proper course of treatment. 

Case 2.—E. H., a 21-year-old wdiite man, had a right lower lobectomy two years pre¬ 
viously for bronchiectasis. Pathologic examination of the specimen revealed the surprising 
findings of caseation necrosis and acid-fast bacilli. On this basis the right hemidiaphragm 
was paralyzed and the patient placed on pneumoperitoneum therapy and bed rest. After a 
few months on this regime, the patient left the hospital against medical advice and continued 
the pneumoperitoneum under the care of a private physician. One year later he was admitted 
to Brecksville Hospital with hemoptysis. Examination revealed bilateral spread of the dis¬ 
ease, with dense pneumonic disease and cavitation throughout the right upper and middle 
lobes and scattered infiltrations throughout the left lung. A course of streptomycin therapy 
controlled the disease on the left and led to some resolution on the right, although dense 
infiltration with probable cavitation persisted. The patient was in fair general condition, but 
complained of some shortness of breath on mild exertion. 

Laboratory examination revealed a vital capacity of 1.9 liters or 46 per cent of normal 
and a maximum breathing capacity of 69 liters per minute. Oximetry yielded a basal 
saturation of 95.6 per cent and a resaturation time of 16 seconds. The slightly low basal 
saturation was attributed to a ventilatory defect associated with the pneumoperitoneum. The 
normal resaturation time was taken as evidence that there was no significant physiologic 
damage in the functioning left lung. 



: PTjLiMOKAKY TEST L'SDvG OXIMETER 


105 


ALEXANDER AND REYDMAN 


It elected to perform a tlioracoplastv on the right. The postoperative course iras 
uneven fT Sr mouL postoperativelv the ventilatorv capacity showed a significant m- 
“el^ associated ivith the greater expansion of the left lung due to discontauance or the 
pneumoperitoneum. The hasal saturation had risen to 96.9 per cent and the resaturation 
time vras 11 seconds. 


This case represented a difficult cHnical decision. Some tvonld favor radical 
resection of the remaining right lung. Others, in view of the past histoiy in- 
clndins recent disease scattered throughout the left lung, would hesitate to 
emhark npon major surgery. Eiiowledge of the functional status of the left 
lung, as obtained by the oximeter, can aid in making the decision. 

Case 3.—H. M., a 51-year-old white man, had a left pneumonectomy two years pre¬ 
viously for carcinoma. Since then the patient had complained of severe dyspnea. His local 
physician had informed him that he suffered from compensatory emphysema of the remaining 
Inna and that there was nothing that could be done for the condition. On this admission the 
patient was martedly dyspneic, orthopneie. and had become a respiratory cripple. Cyanosis 
was absent. Cardiac findings were negative and there was no evidence of a recurrence of 
malignancy. X-rav examination of the chest showed'some mediastinal shift and distention 
of the right lung without definite emphysema. 

Laboratory stud.v revealed a vital capacity of 2.0 liters or 64 per cent of normal and a 
maximum breathing capacity of 70.6 liters per minute. Oximetry gave a basal saturation 
of 93.2 per cent and a resaturation time of 16 seconds. It might be noted that at the start 
of this test the patient's attention was called to the fact that “the machine was filled with 
pure oxygen “ and no dyspnea was observed during the oximeter test. 


It is clear that the remaining right lung in this patient had undergone some 
degree of distention, but the finding of a resaturation time that was well within 
nomial limits is considered to exclude any significant degree of functional 
emphysema. The dyspnea must therefore be explained in terms of a respiratory 
neurosis. This possibility had been entertained clinically, but, with a known 
etiological factor for emphysema present, it would have been difficult to deny a 
pulmonary basis for the crippling respiratory distress without the evidence of 
the oximeter. 

It might be noted that we have encountei-ed a number of similar cases in 
which the oximeter test has been invaluable in establishing the presence or 
absence of a pulmonary basis tor a complaint of dyspnea. Unlike ventilatorv 
tests, these oximeter readings cannot be distorted by lack of effort, willful or 
otherwise, on the part of the patient. 


SUMM.ARY 

1. A test is described for evaluating the efficienev of pulmonary o-as ex 
change, employing the earpiece oximeter and a basal metabolism machine'" After 
obtaining the basal saturation of the patient while bi-eathina room air, his’satura 
tion is lowered to SO per cent by having him rebreathe into the air-filled spirom 
rtcr. The paPent is then ciuickly switched to room air breatliing and the time 
I.S measured lor the saturation to rise from SO to 90 per cent 

2. Measurements on 55 healthy adults indicate a normal resatiirati'nn i- 

as determined by this test of 13.4 ± 3.4 seconds. uiation time 

3. Results of tins test upon 300 patients witli i 

vviiw di„io.l e.va„ods a„ reported. Defe'ieaeiea teere deraoKtrS 
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test in 53 per cent of these patients. In 38 per cent of the patients exhibiting 
deficiencies, it was possible to estimate whether the deficiency was dominantly 
due to reduced ventilation or to impaired gas diffusion. 

4. Eetesting the same patients revealed adequate reproducibility of the test 
values for tlie routine use of the test in patient evaluation. 

5. Technical and theoretical limitations of the method are discussed. The 
clinical use of the method is illustrated Avith case histories. 
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SUCCESSFUL CONSTRUCTION OF AN ARTIFICIAL ANTETHORACIC 

esophagus 

Joseph 31. 3Iiller, 3I.D. * 3Iiltox Gdtsberg, 3I.D.,®= axd 
C. PaBKE SCARBOROrGH, 3LD.®®® 

Fort Howard, 3Id. 

tT IS THE purpose of tMs paper to report further on a method of replac^ 

1 ment for an esophagus, originaUy reported hy Longmire and Ravitch," whach 
vnll occasionaUy be found useful. Reconstruction was necessaiy because of a 
cevere stricture of the esophauus compKeated by peif oration, mediastinal abscess, 
esophageal-mediastinal-bronchial fistula, and chemical bums of the upper por¬ 
tion of the stomach. 

The discomfort, inconvenience, and complications attendant upon gastros- 
tomv and/or repeated esophagoseopy and bouginage make patients with a 
severelv stenotic esophagus desirous of reconstruction. Prevailing methods use 
the stomacli, jejunum, or tubes of skin. The stomach or the jejunum may be 
brought up either inside or outside the thorax. 

If the distribution of the blood supply to the proximal jejunum is satis¬ 
factory. the method of Rous,- popularized by Yudin,^ will be found best for 
routine use. Placing the stomach in the chest is not physiologic and is not weU 
tolerated in older patients where gastric dilatation may produce uneomiortable 
fullness or induce episodes of cardiac irregularity. \\ hen the arrangement of 
the blood supply of the jejunum precludes the Roux- piucedure and a previous 
injury prevents the intrathoracie transfer of the stomach, as in the patient to be 
reported, the operation described by Longmire and Ravitch^ will be found use¬ 
ful. Based on experiments in dogs by Stafford/ the technique consists of trans¬ 
plantation and migration of a segment of jejunum in the subcutaneous tissues 
to effect a new union between the esophagus and stomach. The method is well 
described and beautifully illustrated in the paper of Longmire and Ravitch.^ 


C-ASE REPORT 


L. W. (B-2G,269), a 25-Tear-old Xegro man, was adnutted to tlie medical service oi tbe 
Veterans Administration Hospital, iort Howard, Aid., witt a history or swallowing a corro¬ 
sive liquid ioar days previously. A Hevin tuhe was easily passed into the stomach for feed¬ 
ing, and removed eight days later when the patient swallowed with Tnintm^l discomfort. At 
this time, demonstration of an esophageal-bronchial fistula and a mediastinal abscess bv roent¬ 
genogram after the administration of Lipiodol (Figs. 1 and 2) made gastrostomy necessary. 
The fundus of the stomach was found to be severely burned so the gastrostomy w^ done nesj- 
the pylorus. Laier, the mediastinal abscess was drained cwtrapleurally after reection of about 
5 cm. segments of the right eighth, ninth, and tenth ribs. The fistula was found at the 
level of the azygos vein. The opening in the esophagus was sutured and the do.cnre re- 
cuforce-d by ia.s;3a from the latissimus dorsi mnsde. The wound, which was left open, healed 
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Damage to tlie esophagus was severe, as demonstrated by the progressive stricture which 
ultimatelv extended to a point about IVa cm. above the clavicle. Attempts to pass a piece 
of black silk through the esophagus were fruitless. Performance of a minor plastic procedure 
on the gastrostomy afforded an opportunity for retrograde bouginage but an obstruction was 
encountered at the esophagogastric junction. 

Since some type of reconstruction was desirable, the conditions present made an ante- 
thoracie replacement using a jejunal graft the procedure of choice. At laparotom.v, a seg¬ 
ment of jejunum about 30 cm. in length, with two centrally located arteries and veins, was 
isolated, starting about 16 cm. below the ligament of Treitz and placed outside the abdomen. 
Intestinal continuity was restored by end-to-end anastomosis. A later complicating episode 
of acute intestinal obstruction was relieved by operative division of adhesions constricting the 
jejunum about 30 cm. below the anastomosis. A series of several operative procedures was 
necessary in order to cover the loop of jejunum with skin, divide the central pedicle, delay 
each end of the graft to insure an adequate blood supply, transfer the graft, close the 



“ “PrmDlly 


Approximately one month later, readmissiou for treatment nf ct.:.t, 
mal anastomosis was neccssarv. A catheter for fe r ' ricture again at the proxi- 

oi>ening in tlic upper part of the loop of jejunum and*^ a ^“-=erted through an 

done suhsctjucntly. ' minor revision of the anastomosis was 

Stricture formation, however, n'min retiirne,! r,.... . 

<«n,nsis and .surrounding scar tis.s,ie"were excised Eeslrf The anas- 
-•laviclo facilitated tlic making of a large eml-fo-Ll ana^t “ the 

ani The patient has remained well for about TO-'*operative course 

aad A) lor about one and one-half years. (Pig;. 3 
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COMMENT 

The procedure provides an isoperistaltic tube lined with mucous membrane 
as a replacement for the esophagus. A more phj^siologic passage was provided 
than by the Roux procedure since the stomach is not by-passed and the risk of 
formation of a gastric or duodenal ulcer is, therefore, seemingly reduced. A 
jejunal ulcer from regurgitation of acid gastric contents might result but the 
isoperistaltic movements of the jejunum should minimize this hazard. 

The major objection to the procedure is the time required for performance 
which limits its use to benign diseases of the esophagus. Patience is necessaiy 
since stenosis of the anastomosis and fistulas are troublesome although solvable 
problems. 

SUMMARY 

The method of Longmire and Raviteh^ using a free jejunal graft was suc- 
cessfullj'’ emplo 3 'ed in tlie construction of an artificial antethoraeic esophagus. 
Esophageal-mediastinal-bronchial fistula, mediastinal abscess, chemical bum of 
the stomach, and a blood supply"- to the proximal part of tlie jejunum precluding 
transposition were features making this type of reconstruction advisable. 
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TEE PATENT DUCTUS 

A Remew of Seventy-five Gases With Suegic.u, Treatment Including an 
Aneurysm of the Ductus and One of the Pu'ljionary Artery 

Emile Hol^ian, 1M.D., Prank Gekbode, M.D., and Ann Putidy, M.D. 

(by invitation) 

San Francisco, Cauf. 

TT jMAI be categorically stated that a ductus arteriosus persistently patent 
after the fifth year of life, ivith or without si-niptonis, should be closed to 
avoid certain potential hazards. These are retardation in physical and perhaps 
mental development, cardiac dilatation and decompensation, and bacterial endo- 
carditis^and endarteritis. Should any of these complications appear before the 
age of 0 , immediate operative closure of the ductus is indicated.^ One infant 
in our series was operated upon for cardiac failure at the age of 16 months and 
we have just operated upon a second infant 5 montlis old in incipient cardiac 
me uith a pulse rate of 160 to 180, a respiratory rate of 80 to 100 and a 
blood pressure of 110/0. Another lesion may well be present but definite im- 

the othei hand, Josefsoir reported a patient who reached the a-e of 66 years 
before any liarmful effects of the open ductus appeared A woman of 79 died 
recently at San Francisco Hospital who was kno^ to have hrdTmumufof 

At m s3-mptoms for onlv about five rears 

autopsj, a small ■ patent ductus with great dilatation of tliP 

tery and generalized cardiac hypertropliv were found Wliv m +i 
.*c„.e ... i„ tho dUl,pL„: ot Xw • t 

bolt's scnc.s^ of ninety-two patients with patent duct^^s shouM 49 i' 

of cardiac failure at an average age of 4 years? Tn 
cent of the patients died befo^•e the ag^ o'f 40 iaileh 
;ons IVHters generally speak in vagtm ternm of‘‘ n i 
tbe heart as the patient grows older which on 

ll^-nt.” Others emphasize only the size of the' d^etiSlf tlm'dT^''-'^ 

:::::: 
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factor in the development of cardiac symptoms. A sounder and more accu¬ 
rate explanation may be found in the abnormal physiology of the patent 
ductus, which is comparable in many respects with the pathologic physiology 
of a peripheral arteriovenous fistula.® The ultimate effect of a large arterio¬ 
venous fistula is cardiac dilatation, decompensation, and death if not closed 
by operation. These effects are dependent upon the deflection of a large vol¬ 
ume of blood from the arterial bed with its high pressure directly into the 
capacious venous bed with its low or even negative pressure.®’ ’ Because of 
the low or absent resistance at the site of the fistula as compared with the 
capillary bed elsewhere, blood flows moi-e fveely through the fistula into the 
venous bed and l)aek to the heart, thus increasing the cardiac output by the 
volume of blood flowing through tlic fistula and, in effect, engrafting upon 
the nonnal circulation a shorter pai-asitie circulation.® 

The volume of blood deflected thi’ough the fistnia is controlled by the size 
of the fistula, bj’' its distensibility, and 1 ) 3 '’ distensibility of the vessels leading 
to and from the fistula. Given distensible vessel walls with compressible tis¬ 
sues in which these vessels lie, and an absence of fibrosis at the site of the 
fistula, the volume of blood flowing toward and through the fistula with its 
low resistance will tend alwa 3 ’'s to increase. The result is a progressive dilata¬ 
tion of that part of the circulator}’^ bed through which the short-circuited 
blood flows, including the arter 3 ’' and vein leading to and from the fistula, 
both sides of the heart, and the fistula itself. Recorded cases of peripheral 
fistulas indicate that the size of the fistula does not remain stationary, but 
may increase from 5 to 20 mm. in diameter over a period of 20 to 25 3 'ears. 
As the fistula dilates and the volume of short-circuited blood increases, all 
chambers of the heart become dilated, and decompensation is imminent and 
inevitable if the fistula is not closed. In the growing animal,” experimentally 
produced peripheral fistulas have resulted in remarkabl}'- large hearts char¬ 
acterized both by great dilatation and by great h 3 '-pertroph 5 L It was sug¬ 
gested that when dilatation outstrips h 3 '^pertroph 3 ^, as might be expected in 
the adult animal, decompensation is an earty sequence, but when increasing 
hypertrophy parallels and is commensui’ate witli the increasing dilatation, as 
might occur in a growing animal, great cardiac enlargement is possible with¬ 
out decompensation. 

A patent ductus produces comparable effects upon the circulation with 
certain unique modifications: in intrauterine life, the right heart pumps blood 
through the ductus from the pulmonaiy artery to aorta against the peripheral 
resistance of the systemic circulation. In the fetus the circulating blood is 
about equally divided in volume flow betw^een the right and left hearts. Up to 
birth, therefore, the two ventricles have been propelling forward equal vol¬ 
umes of blood against equal peripheral resistances with the result that nor- 
mall 3 ’' at birth the two ventricles are equally developed, and both continbute 
equally to the formation of the apex of the heart.® Immediately after birth 
if, for some still unknown reason, the ductus remains open, the large reservoir 
of low resistance in the pulmonary bed attracts blood to it from the S 3 ’stemic 
circulation and causes a reversal of flow through the ductus which then trans- 
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ports blood from aorta to pulmonai'y artery (Pifi- t). If's a])pareiit at once 
that nnder these eirenmstanees the blood fUnvii\ft throuirh the ductns will flow 
only through the ])ulmonary artery, the lungs, the i)ulmonary vcin.s, Ihe left 
heart, and the aorta, completely by-pa.ssing tlie systeinie eirenlalion, tlie vena 
cava, and the right heart. The normal cardiac outpitt of the left venti'iele i.s 
thus greatly augmented by the volume of blood ilowing through the dnetn.s 


PATENT DUCTUS 



eousidered P^-’i'^shie^ipmifTh^Torrard^^^^^^^ 

flowed through the right heart. CWrof "^^utc 

thi-ough the two ventricles to a little over 5 Ide^ Th equalized the flow 
this greater volume flow of blood through the consequence 
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factor in the development of cardiac symptoms. A sounder and more accu- 
late explanation may be found in the abnormal physiology of the patent 
ductus, 'which is comparable in inanj’’ respects ■with the pathologic physiology 
of a peripheral arteriovenous fi.stula.= The ultimate effect of a large arterio¬ 
venous fistula is cardiac dilatation, decompensation, and death if not closed 
by operation. These effects are dependent upon the deflection of a large vol¬ 
ume of blood from the artei'ial bed with its high pressure directly into the 
capacious venous bed with its low or even negative pressure.®’ ’ Because of 
the low or absent resistance at the site of the fistula as compared with the 
capillaiy bed elsewhere, blood flows more freel}^ through the fistula into the 
venous bed and back to the heart, thus increasing the cardiac output by the 
volume of blood flowing through the fistula and, in effect, engrafting upon 
the normal circulation a shorter parasitic circulation.® 

The volume of blood deflected through the fistula is controlled bj'^ the size 
of the fistula, by its distensibility, and by distensibility of the vessels leading 
to and from the fistula. Given distensible vessel v’alls with compressible tis¬ 
sues ill which these vessels lie, and an absence of fibrosis at the site of the 
fistula, the volume of lilood flowing toward and tlirougli the fistula with its 
low resistance will tend always to increase. Tlie result is a progressive dilata¬ 
tion of that part of the circulatory bed through which the short-circuited 
blood flows, including tlie arterj’- and vein leading to and from the fistula, 
both sides of the heart, and the fistula itself. Recorded cases of peripheral 
fistulas indicate that the size of the fistula does not remain stationary, but 
may increase from 5 to 20 mm. in diameter over a period of 20 to 25 j’-ears. 
As the fistula dilates and the volume of short-circuited blood increases, all 
chambers of the heart become dilated, and decompensation is imminent and 
inevitable if the fistula is not closed. In the growing animal,® experimentally 
produced peripheral fistulas have resulted in remarkably large hearts char¬ 
acterized both by great dilatation and by great hypertrophy. It was sug¬ 
gested that when dilatation outstrips hypertrophy, as might be expected in 
the adult animal, decompensation is an early sequence, but when increasing 
hypertrophy parallels and is commensurate with the increasing dilatation, as 
might occur in a growing animal, great cardiac enlargement is possible with¬ 
out decompensation. 

A patent ductus produces comparable effects upon the circulation with 
certain unique modifications: in intrauterine life, the right heart pumps lilood 
through the ductus from the pulmonary artery to aorta against the peripheral 
resistance of the systemic circulation. In the fetus the circulating blood is 
about equally divided in volume flow between the right and left hearts. Up to 
birth, therefore, the two ventricles have been propelling forward equal vol¬ 
umes of blood against equal peripheral resistances with the result that nor¬ 
mally at birth the two ventricles are equally developed, and both contribute 
equally to the formation of the apex of the heart.® Immediately after birth 
if, for some still unknown reason, the ductus remains open, the large reserwoir 
of low resistance in the pulmonary bed attracts blood to it from the systemic 
circulation and causes a reversal of flow through the ductus which then trans- 
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ins normally after birth remain easily distensible, a characteristic n-hich may 
persist throughout life, permanently preventing its automatic clo.surc once it 
has promded a pathway to the reservoir of Ioav resistance in the pulmonary 
bed. Indeed, failure to close in the first instance may be a direct result of 
the very low resistance in the pulmonary bed which attracts blood to it 
throush the ductus. A flow once established would be an effective factor in 
maintaining the patency of the ductus, particularly if the differential in pie 
resistances of the two sj-stems is high. With the passage of time the differ¬ 
ence in these resistances, though significant and effective, may lesson due to 
this factor of increasing fibrosis, and the tendency for the volume flow of blood 
through the ductus to increase is, therefore, eorrc.spondingly Ic.ssencd. Hence, 
the disabling effects of the ductus and of the parasitic circulation nhich it 
produces, are slow in developing, and may be delayed for years, but they are 
nonetheless inemtable if the ductus remains patent, if its walls remain easily 
distensible, and if progressive dilatation of the ductus is not prevented by its 
inherent fibrosis or by the fibrosis of inflammation and infection. Just as a 
peripheral fistula, if large, may produce cardiac failure in three weeks, or if 
small may remain comparatively symptomless for many years and then end in 
cardiac decompensation because of progressive dilatation of the fistula, so may 
the harmful consequences of a patent ductus appear soon after birth or be 
delayed for many years. The actual course of events is determined by the 
degree of difference of resistances in the pulmonary and sj’stemic beds, which 
in turn determines the degi’ee of difference in the aortic and pulmonic pres¬ 
sures, and by the size, distensibility, and progressive dilatation of the ductus 
itself. 


Certain authors contend that surgical ligation is indicated for the uncom¬ 
pensated patent ductus at whatever age signs of circulatory embarrassment 
appear, but for patients Avith a “compensated” ductus a policy of Avatchful 
waiting is advised. Our atcav is that since the open ductus proAudes a perma¬ 
nent passageway from a bed of high resistance to a bed of Ioav resistance, it 
Avill never be fully “compensated,” and Avill alAvays tend to transport more 
and more blood Avithin the limits of its distensibility or imtil the resistances in 
the ^0 beds are more or less equalized. It is this concept of the pathologic 
physiology of a patent ductus that justifies the categorical statement that a 
ductiu must be closed, preferably early in childhood, before the hazards of 
impairment of physical growth and cardiac decompensation arise. 


The peripheral fistula and the patent ductus are also quite comparable in 
their effect upon blood voliune and blood pressure.” With the openino- of an 
e^ei-imentally produced peripheral fistula, there occurs a prompt fall in 
blood pressure which is compensated for by an increase in total blood volume 
commensimate Avith the faU in pressure and AAuth the volume of short-circuited 

t fn ?• pressures may be re- 

Jored to normal by this increase m blood volume. If the fistula is lar-e the 

opemion, there is a reversal ot these eh.nges (Fij. 3, aD-theL'tS and 
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blood flows, remains small. Indeed, the volume of blood flowing thTOUgh the 
systemic circulation may be so reduced as to interfere with proper mental 
and physical growth. A number of our young patients blossomed in vigor 
and growth promptly after closure of the ductus, and one of two children 
(Fig. 2) who showed mental retardation in addition to other defects was ap- 
parentlj'' improved after elimination of the duetus. The literature contains 
other reports of the association of patent ductus with mental inadequacy.'^ 
These pathologic effects of the abnormally patent ductus depend upon the 
low resistance to the flow of blood encountered in the pulmonary circulation, 
as compared with the high resistance to the flow of blood through the systemic 
capillary bed. Since a diffei-enee in the resistances of the two systems usually 
persists throughout life, and since, in consequence, the aortic pressure is 



Fig:. 2.—Two children witli unilateral cataract, strabismus, some mental impairment, and 
patent ductus. (Each mother had rubella at one month of gestation). Ligation of ductus 
has resulted in definite improvement in mental status of child a and apparent improvement in 
child h. 

permanently greater than pulmonic iiressure, the tendency will be for blood 
to be deflected in increasing volume to the bed of less resistance. The effect 
of this increasing volume flow is progressive dilatation of that part of the 
circulatory bed through which the blood flows, including the ductus, and the 
left heart. Certain factors may limit or even prevent this increasing volume 
flow through the duetus, in which case the effects of the ductus will remain 
stationary throughout life. These factors are the resistance to dilatation in¬ 
herent in the fibrous wall of the ductus itself, and the increasing fibrosis in the 
pulmonary capillary bed subjected for a prolonged period to the high ai-terial 
pressure of the systemic circulation. 

The failure of a duetus to close completely may perhaps be due to a 
deficiency in fibrosis in the structure of its walls which, instead of contract- 
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iiig normally after birtli remain easily distensible, a cliaracteristic which may 
persist throughout life, permanently preventing its antomatic closure once it 
has pro\'ided a pathway to the reservoir of low resistance in the pulmonaiy 
bed. Indeed, failure to close in the first instance may be a direct, result of 
the very low resistance in the pulmonary bed which attracts blood to it 
through the ductus. A flow once established would be an etfcctivc factor in 
maintaining the patency of the ductus, particularly if the difCerential in the 
resistances of the two systems is high. lYith the passage of time the differ¬ 
ence in these resistances, though significant and effective, may lessen due to 
this factor of increasing fibrosis, and the tendency for the volume flow of blood 
through the ductus to increase is, therefore, corre.spondingly Ic.ssened. Hence, 
the disabbng effects of the ductus and of the parasitic circulation which it 
produces, are slow in developing, and may be delayed for years, but they are 
nonetheless inevitable if the ductus remains patent, if its walls remain easily 
distensible, and if progressive dilatation of the ductus is not ])revented by its 
inherent fibrosis or by the fibrosis of inflammation and infection. Just as a 
peripheral fistula, if large, may produce cardiac failure in three weeks, or if 
small may remain comparatively s>Tnptomless for many years and then end in 
cardiac decompensation because of progressive dilatation of the fistula, so may 
the harmful consequences of a patent ductus appear soon after birth or be 
delayed for many years. The actual course of events is determined by the 
degree of difference of resistances in the pulmonary and systemic beds, which 
in turn determines the degree of difference in the aortic and pulmonic pres¬ 
sures, and by the size, distensibility, and progressive dilatation of the ductus 
itself. 


Certain authors contend that surgical ligation is indicated for the uncom¬ 


pensated patent ductus at Avhatever age signs of circulatory embarrassment 
appear, but for patients with a “compensated” ductus a policy of watchful 
waiting is advised. Our view is that since the open ductus provides a perma¬ 
nent passageway from a bed of high resistance to a bed of low resistance, it 
will never be fully “compensated,” and null always tend to transport more 
and more blood Avithin the limits of its distensibility or uirtil the resistances in 
the two beds are more or less equalized. It is this concept of the pathologic 
physiology of a patent ductus that justifies the categorical statement that a 
ductus must be closed, preferably early in childhood, before the hazards of 
impairment of physical groAvth and cardiac decompensation arise. 


The peripheral fistula and the patent ductus are also quite comparable in 
their effect upon blood volume and blood pressure.” YTith the openin'- of an 
experimentally produced peripheral fistula, there occurs a prompt fall in 
blood pressure which is compensated for by an increase in total blood volume 
commensurate with the fall in pressure and with the volume of short-circuited 
bloody If the fistula is small, the systolic and diastolic pressures may be re 
stored to normal by this increase in blood volume. If the i ^ 

diastolic pressure is permanentlv lowered due to the sion-fl . o ttlge, the 
peripheral resistauee at the hstala. Sn a perilhcr'l 
operatiou. there is a reversal of these changes^pts:'/)!!";.^:,?,^ 
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diastolic pressures are temporarily elevated but fall again as the previouslj'^ in¬ 
creased blood volume returns to nonnal. The elimination of a peripheral fistula 
in each of three patients caused a reduction in total blood volume of 2,700, 1,000, 
and 1,200 c.c., respectively,'- If a fistula is large, its closure will produce a 
permanent elevation of diastolic pressure due to the significant increase in 
peripheral resistance. 
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Figr. 3.—Similarity of blood pressure response to closure of fistula (Chart A), and closure 
of ductus (Chart B) : The temporary abnormally hig’h elevation of diastolic and systolic levels 
is due to temporary overdistention of the circulatory bed by the increase in total blood volume, 
which accompanies both these lesions. Diastolic pressure is permanently elevated due to in¬ 
crease in peripheral resistance. 

Similarly, the production of a patent ductus by anastomosis of the left sub¬ 
clavian arteiy to the left pulmonaiy artery, as in the Blalock procedure, causes 
a fall in blood pressure, chiefly diastolic. That the blood volume is increased in 
the presence of a ductus was demonstrated by Eppinger, Burwell, and Gross,'® 
who showed a reduction in blood volume following closure of a ductus in one 
case from 3,980 to 3,280 c.c., and in a second ease from 4,130 to 3,720 c.c. 










Closure ot a patent dnettts by open,lion is aeeon, panic,! by a 'e™P«>-“y 

''"“irLuoSng casrreport ilhislralos how very early the symptoms of caj'- 
diac disability may occur in the presence of a patent ductus. 



Fie. i (Cafe 1).—o, .\t IG monthf of aee the paliem iva.f in incipient canliac faiiure liue 
to patent ductus with inarficU dilatation of left heart, h. TSventy-fix days after ciofure of liie 
ductus, marhed reduction in si 2 e of left heart had already occurreu. 


C.\SE REPOKTS 

C.iSE 1.—K. A.. IG montlis old, bad bad a bean murmur since be wa.s 2 tveebf of a(;e. 
This teas accompanied tjy attacks of dyspnea and a couob ascrilred to recurrent pulmonary 
infection, but for trliicb oxygen admini.ftration was neces.fary on several occasions. A ro¬ 
entgenogram taken at the age of 3 montlLf showed cardiac enlargement. Thereafter, other 
films showed a progressive increase in heart size and prominence of the pulmonary vascular 
markings. At 15 months it was necessary to digitalize tlie patient in an eifort to control 
heart failure. The mnrmur at this time was continuous and was heard maximally in tlie 
left second interspace. The blood pressure was 13G/0 in the right arm; the electrocardiogram 
was normal. A diagnosis of patent ducturs arteriosus was made, and on Oct. 30, 1951, a 
ductus measuring S by S mm. was obliterated. In twenty-six days the heart returned to 
normal size (Fig. 4). The child had no further dyspnea and developed rapidly. Except for 
an inguinal hernia, he is normal in all respects. 


Another patient with a history of mild cyanosis since birth died in cardiac 
failure at the age of 16 yeare without operation, a clinical diagnosis of inter- 
anricular septal defect having been made. At necropsy, a patent ductus was 
found as the only lesion, with unmistakable evidence that the flow of blood was 
an(l always had been, as in intrauterine life, from pulmonary artery to aorta 
(Fig. 5). This e.vample of the association of cyanosis ivith patent ductus as 
the only anomaly is important since it is generally taught that it never occurs 
except in combination with other anomalies.^’ 


- admitted to Stanford Hospital iu acute cardiac failnre 

ox about five days^ duration. At 9 months of age, following an attack of whooping eou“h! 
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PATENT DUCTUS 



Fig:. 5 (Case 2).—Schema of circulation when blood flows through ductus from pulmonary 
artery to aorta. The greater volume of blood flows through the right heart causing its dilata¬ 
tion. Hypertrophy also occurs because it is laboring against systemic resistance. 



Fig 6 (Case 2).—Roentgenograms disclosed a large right auricle and ventricle, enlarged 
pulmonary artery, and small left auricle and ventricle in presence of ductus transporting blood 
from pulmonary artery to aorta. 
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of ■ dilatation of right auricle, and dilatation and hvnertronhv 

S? ventricle which forro the apex of the heart in presence of patent ductus triipsrn^ttini 

blood from pulmonarj- artery to aorta. Note the excessive diameter and circuSfcre^??f‘nSf 
monary arterj* as compared with aorta, and enlargement of aorta at site of entVance of ductus 


The chest and lungs were normal. The heart was sUghtlv enlarged. There was a loud mur 
mur ma.ximal in the third interspace on the left, not well heard in the lune fields It was 
thought to he svstoUe in timing. Blood pressure was 110/97, pulse rate S6 ° " 
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trocaidiogiam sliowed a marked riglit axis der-iatioii, and abnormal P waves. The red cells 
numbered 6,100,000; hemoglobin 110 per cent or 18.7 Gm. per cent; the white cells numbered 
8,450, 62 per cent polynuclears, 26 per cent lympliocytes, 8 per cent monocytes, 3 per cent 
basophiles. The urine had a specific gravitj- of 1.026 with 3 plus albumin and many pus 
cells. Cultures yielded Eschcrichki CoH. 

Despite continuous oxygen administration the patient gradually became more cyanotic, 
dyspneic, and somnolent, and died thirteen days after admission. The clinical diagnosis was 
interauricular septal defect. 

At necropsy, the heart weighed 400 grams. There was a remarkable hypertrophy of the 
right ventricle, and dilatation of the right auricle. The apex of tlio lieart was formed by 
the right ventricle (Fig. 7). The left auricle and ventricle were small. The pulmonary 
artery was quite large, its circumference just beyond the valve being 8 cm.; at a correspond¬ 
ing point, the aorta was only 4.5 cm. in circumference. At the entrance of the patent ductus, 
tlie aorta measured 5 cm. in circumference. The tricuspid valve measured 11 cm. in circum¬ 
ference ; the mitral valve 8 cm. in circumference. Tlie right ventricle when dissected out 
weighed 167 Gm.; the left ventricle weighed only 78 Gm. Microscopically tlie fibers from 
the right ventricle were slightly larger than those of tlie left, and the nuclei were generally 
larger and more blunt. 


Fig^. 8 (Case 2).— a. Roentgenogram of normal lung following injection with lead carbo¬ 
nate and mercuric sulfide in gelatin, b. Roentgenogram of lung (Case 2) similarly injected 
revealed evidence of pulmonary arteriosclerosis in the presence of a patent ductus through 
which blood flowed from pulmonary artery to aorta. 


The pulmonary arterial tree was injected with lead carbonate, plus mercuric sulfide sus¬ 
pended in gelatin. When compared witli a normal lung similarly injected (Fig. 8), it showed 
a truncated, blunted arterial tree, suggesting long-standing pulmonary hj-pertension and 
arteriosclerosis. Microscopically many of the small arteries and arterioles had thickened 
walls and narrowed lumina, and most of these had thickened intima with reduplication of tlie 
elastic laminas. A cross section of the aorta, patent ductus, and pulmonarj- artery showed 
the wall of the pulmonary artery definitely thicker than the aortic wall, and except for a 
definite heavy elastica interna, it was similar in structure. 
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A vcrv GXflctinET sg<itc1i VGVGnlcd no Igsioii otliGr tluin tliG jnitGiit diiGtiis 
artGi-iosiis wliich in tliG rGlaxGcl statG measured 0.5 cm. in diameter but could 
easily be distended to 1 cm. in diameter. All evidence indicated that for her 
entire lifetime, this patient’s ductus had been transporting blood from the pul¬ 
monary artery into the aorta,•* thus providing a larger volume flow of blood 
through the right heart and systemic circulation than through the left heart 
and pulmonary circulation. The expected response to this increased volume 
flow was: (1) a preponderant dilatation of the right heart because of the 
larger volume of blood flowing through it; (2) a preponderant hypertroidiy of 
the right heart due to its being in direct communication with the peripheral 
resistance of the systemic circulation against which it had labored for a life¬ 
time; (3) a marked right axis deviation; (4) a pulmonary artery whose lumen 
was larger than that of the aorta with a Avail thicker than the aortic Avail; (o) 
an aortic lumen A\-hich Avas 4.5 cm. in circumference at its origin and 5 cm. at 
the entrance of the ductus; (G) a definite cyanosis in life, indicating an ad¬ 
mixture of venous blood to the systemic blood by Avay of the ductus: (7) a 
high diastolic pressure since blood floAVcd through the ductus into the .systemic 
circulation during diastole rather than out of it. 

Summed up, these deviations proA'idc unecjuivocal evidence that the floAv 
of blood through the ductus Avas in this instance from pulmonary artery into 
the aorta. Seldom if ever has this type of ductus been recognized by the sur¬ 
geon at the operating table. jArobably because this rarely encountered condi¬ 
tion is Aisually mistakenly diagnosed, and surgery is not considered advisable. 
This may have been fortunate, as it seems highly probable that elo.sure of the 
ductus in this 16-year-old girl Avith .such a preponderantly developed right 
heart Avould have been incompatible Avith life. Recognition of this condition 
at an earlier age might permit successful surgical correction. 

A second equally serious threat AA'liich may occur at an early age is a 
bacterial endocarditis and endarteritis involving the ductus itself, the ad.ia- 
eent pulmonary artery, or the aorta.” In the eighty cases of patent ductus 
studied by Bullock and his associates,^ fatal bacterial endocarditis occurred 
in 53 per cent. Four of our cases Avere complicated by an endarteritis and a 
bacterial septicemia, one Avhen the patient Avas T, one at 10, and tAVo at 11 
years of age. 


Case 3.—I. E., a thin underdeTeloped girl, was first seen at the age of 7, in Xovember, 
1944, for a cardiac murmur since birth. A diagnosis of patent ductus and megacolon was 
made. Operation on the ductus was not ad-vised by the pediatricians because “the child had 
had no symptoms. ’ ’ Exactly one montli later she was readmitted to the hospital acutelv ill 
Avith high fever, marked anemia, and subacute bacterial endarteritis, for which she received 
over 12,000,000 units of penicillin in the course of three months’ hospital care with subsidence 
Of all symptoms. 


She re-entered the hospital in January, 1946, perfectly well, but operation was now 
considered advisable as a prophylaxis against future trouble. Closure of a lartre d t 
cm. in diameter, by multiple ligations was foUowed by a gain of fourteen imundf in -T' ■ 
time, and by a marked reduction in the size of the heart (Fig 9) comnarnhl -ti +i' * 

sure of 105/60 rose immediately after operation to 134/96 The -fnli ■ j * omod pres¬ 
sure of 138/110 was found, a week later Lo/S2, and two yLs laL 1^ 
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In two cases of open ductus complicated by bacterial endarteritis and sep¬ 
ticemia, aneurysmal dilatations occurred, one of the ductus itself and one of 
the pulmonary artery. 

Case 4.— P. P., aged 11 years, was found to have a patent ductus at tlie age of 9 
months. In 1943, at 4 years of age, because of shortness of breath and an enlarging heart, 
the ductus was closed at another hospital with a single tape ligature. Within one montli 
after the ligation, the murmur and symptoms had recurred. In August, 1950, at the age of 
11, she entered .Stanford Hospital for rcligation. The only complaint was shortness of breath 
on exertion. Upon physical examination, she appeared to be of normal weight and develop¬ 
ment for her age. There was moderate cardiac enlargement (Pig. 10), and a loud continuous 
murmur could bo heard to the loft of the sternum at the second interspace. The blood pres¬ 
sure was 112/54, the pulse rate 92. On Aug. 24, 1950, the ductus was e.xposed through the 
old incision in the third intercostal space anteriorly. There was dense scar tissue surround¬ 
ing the ductus which was isolated with considerable difficulty, and a single ligature was 
passed around it for subsequent ligation. In attempting to free the displaced adherent vagus 
nerve from the scarred anterior surface to permit the application of a second ligature, the 
ductus was suddenly entered with profuse hemorrhage. It was evident that the nerve had 
formed part of the wall of the ductus. While bleeding was being controlled by finger pres¬ 
sure, a Potts serrated clamp was applied to the aortic arch proximal to the ductus, and the 
accidental rent was closed by several intcrrui)ted silh sutures. Three braided silk ligatures 
were then applied to tie off the ductus, division being thouglit inadvisable. On discharge 
from the hospital, August 31, a blood pressure of 130/100 and a pulse rate of 88 were re¬ 
corded. Six weeks later chills and fever developed, and the murmur to the left of the ster¬ 
num reappeared, at first of mild intensity but becoming increasingly loud under observation. 
The blood pressure was 104/00, pulse rate 120. A blood culture yielded a staphylococcns al¬ 
bas, which was resistant to penicillin, strcptomj'cin, Auroomycin, terramycin, and to some 
extent Chloromycetin. The patient was treated with chloramphenicol and the cultures be¬ 
came sterile for a few days only, when the organisms reappeared. During this period she was 
febrile, obviously ill, had repeated cpistaxis requiring nose packing, and looked drawn and 
pale. Nearly all her hair fell out. A course of bacitracin and penicillin was given without 
effect upon the blood stream infection. 

On Jan. 11, 1951, the ductus area was again exposed through a posterolateral Incision 
in the fourth interspace. The dissection at this time was tedious and time consuming, the 
entire operation lasting nine hours. After considerable difficulty, a bilobed aneurysmal 
swelling involving the anterior wall of the ductus was partiallj'' isolated (Fig. 11). Arterial 
blood could be seen coursing through it with each systole. • The arch of the aorta, the left 
subclavian artery, and the pulmonary artery distal to the aneurysm were completely ino- 
bilized. The pericardium was opened, and a Crafoord clamp was applied to the left main 
pulmonary artery within the pericardium. Another clamp of the same tj’pe was applied to 
the distal pulmonary artery-. A large side-occluding clamp of the Potts tj'pe was applied 
to the aorta. The ductus and the aneurysm having been completely isolated from the 
systemic and pulmonic circulations, the ductus was divided at the site of the aneurj'smal 
dilatation. Two braided silk sutures were found lying within the lumen, embedded in 
vegetations on the ductus wall, and surrounded by granulation tissue. These foreign bodies 
undoubtedly accounted for the stubborn persistence of the circulating organisms. The 
aneurysmal wall and surrounding scar were resected; the openings into the aorta and pul¬ 
monary artery were closed with arterial silk, it being necessary to reconstruct partially 
the pulmonary artery. Adjacent scar tissue was used to reinforce the suture lines. Cul¬ 
tures taken from the vegetations grew the same organisms as had been present in the 
blood. All postoperative blood cultures were negatir-e, and the patient made an uneventful 
recovery. A blood pressure of 112/88 was recorded on the evening of operation and has 
remained normal since that time. The patient has regained normal strength and health 
and has returned to school. 
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Fig. 11 (Case 4).— a, Biloculate aneurj-sm of patent ductus ^vhich followed triple ligation 
of ductus, and a blood stream infection with Stap/iy/ococcHs albus which failed to yield to any 
antibiotics, b. Following complete isolation of the aneurj’sm tlie ductus was divided at the site 
of aneurj'smal dilatation. Two silk ligatures found imbedded in vegetations were removed, c. 
Opening in the aorta was closed by a continuous suture, pulmonary artery reconstructed from 
ductal wall. Following operation blood stream was sterile. 

Case 5.—L. P., aged 14 years, entered the hospital with a diagnosis of congenital 
heart disease. A murmur had been present since birth. During her early childhood she 
was normal in all respects, e.x'cept that she tired easily. Three years liefok entry she be¬ 
gan haying fainting spells when she was tired or neryous. About this time also’ she had 
Tvhat was called influenza, which was followed by a persistent feyer which was found to 
be due to a blood stream infection. She entered a hospital where she remained for five 
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months and received 992 injections of penicillin! Following this illness she was fairly well. 
Upon examination she was a normally developed girl whose abnormal physical findings 
were limited to the heart. The blood pressure was 120/60. The heart was slightly enlarged. 
There was a continuous murmur to the left of the sternum in the second interspace. 
Eoentgenograms (Fig. 12) revealed an aneurysmal swelling cither of the left pulmonary 
arterv or of the ductus. Cardiac catheterization was performed, with the findings as 
shown in Table I. 

Table I 


SITE OF CATIIETEE 

1 

1 

OXYGEX AKALYSIS 

YOEUMES ?EK CEKT 

Superior vena cava 


13.3 

Eight ventricle 


13.5 

Pidmonarv arterv 


15.4 

Femoral artery 


17.4 

I'RESSDP.E MEASUKEMEXTS 

Pulraonarv arterv 

■IS/IS 


Bight ventricle 

.50/6 


Femoral artery 

113/65 



Angiocardiograms (Fig. 12) roi-ealed partial opacification of the aneurysm and 
reopacification of the pulmonary vessels, indicating a left to right shunt. On July 7. 1951. 
the ductus was exposed through a posterolateral incision in the fifth interspace (Fig. 13, n). 
The ductus measured 1 by 0.7 cm. The pulmonary artery opposite the entry of the ductus 
was greatly dilated, forming an aneurysm which measured 4 cm. in diameter. The aneu- 
r.vsm contained a thrombus as was suggested by the roentgenograms. The ductus was 



obliterated by the ligature-transfixion method and thp 

outer Th"" (Fig- 13, b), the inner laveJ teW o7h "■’’I'' 

outer, the nonreacting t>-pe. Her postoperative recover ^ ^ t.'-pe, and the 

blood pressure of llO/SO and a pulse rate of 7S were 7rordeT''sh‘'"'- °° 

recorded. She now attends school 
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and participates in moderate athletics, but still has fainting spells occasionally. Roent¬ 
genograms reveal no change in the size of the aneurysm. 

A pair of identical twins (Fig. 14) pi'esented almost identical clinical pic¬ 
tures with this important dilference: at operation one ductus measured one 
millimeter greater in diameter and this twin showed greater impairment of cir¬ 
culation as judged b}'' a greater dilatation of the heart, and a lower diastolic 
pressure. 

Case G. Marjorie J., aged j'cars, had a birth weight of 2 pounds, 13 ounces and 
was an incubator babj- for six weeks. Her development was slow; she walked at 18 months 
and thereafter fatigued easilj' in play. A murmur was first noted at 2 weeks of age but 
there was no cyanosis. She was admitted for ligation of ductus on Dec. 19, 1950. On 
physical examination the heart was large (Pig. 15, h), a loud machinery-like continuous 
murmur was transmitted into neck and back. The pulse rate was 94, blood pressure in left 
arm, 102/0, right leg, 132/20; red blood cells 4,800,000, hemoglobin 14.5 6m. per cent, white 
cells 9,G00, 42 per cent neutrophils, 46 per cent Ij'mphoej'tcs, 2 per cent eosinophils, 2 per cent 
basophils, 8 per cent monocytes. At operation, the ductus was 18 mm. long and 10 mm. in 
diameter at the aortic end, S mm. at the pulmonic end. The blood pressure was elevated im¬ 
mediately following operation (Pig. IG, A), and the patient has remained well. 



Fig. 14 (Cases 6 and 7).—^Identical twins with identical patent ductus who showed 
almost identical clinical pictures, with identical responses following operation (see Figs. 15 and 
16). 

Case 7. —Mary J., age 314 years, had a birth weight of 2 pounds, 14 ounces and was 
an incubator baby for six weeks; she walked at 17 months. She was admitted for liga¬ 
tion of the ductus on Dec. 19, 1950. The heart was enlarged (Pig. 15, a), but less so than 
that of her twin sister. A loud machinery-like continuous murmur was heard best in the 
second interspace on the left but was transmitted over the whole precordium; the pulse rate 
was 110, blood pressure in the left arm, 90/40; in tlio left leg, 104/4G; red blood cells num¬ 
bered 5,300,000 hemoglobin 14.5 Gm. per cent, white cells 5,000, 40 per cent neutrophils, 2 per 
cent eosinophils, 1 per cent basophils, 50 per cent lymphocytes, 7 per cent monocytes. At 
operation, the ductus appeared exactly similar to that of her twin though slightly smaller; 
it was 18 mm. long, 9 mm. in diameter at the aortic end, and 7 mm. at the pulmonic end. 
The blood pressure was elevated abnormally immediately after closure of the ductus but fell 
to 110/80 on discharge (Fig. 16, B). She has remained well. 
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Bdigation of a Bccurvcni Dnctm: 

fivst Patient operated ^ ^ ,,, ..Hon, the 

scar tissue present t^ d^ both aortic and pulmonic ends u'ith a 

"nW In vieu- of the almost normal appearance of the duetus at tins 



Fij^. 15 (Cases 6 and 7).—Roentgeno^ams of chests of Identical twins, a and h, before and 
after triple ligation of patent ductus on Dec. 19, 1950, showing decrease in size of heart mainly 
due to a smaller left ventricle. Xote decrease also in liilar markings. In twin h whose heart 
was definitely more dilated, the ductus measured 1 mm. larger in diameter. 


second operation, our medical eollea^ies questioned whether the ductus had 
actually been ligated at the first operation. Unequivocal, evidence that the 
duetus had b.een properly occluded was available from the operative recoi'ds. At 
the operating table, the blood pressure rose immediately after this first ligation 
from 110/70 to 130/100 and the pulse rate dropped from 100 to 70, a phe¬ 
nomenon directly attributable to the increased blood volume in the presence of 
a duetus and to the increased peripheral resistance imposed bv closure of the 
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ductus. On December 19, ten daj^s after ligation, the blood pressure was 120/90 
as compared witli a preoperative reading of 130/70. On May 20, 1940, when 
the murmur was again heard in foil force indicating reopening of the ductus, 
tile blood pressure was 124/60. At tlie second operation on April 5, 1941, 
closure of the ductus was folloived immediatel.y bj^ a rise in pressure from 



Fig. 16 (Cases G and 7).-—Temperature and pulse chart of twins, « and showing almost 
identical response to closure of ductus. Note increase in blood pressure from 102/0 to 14 U/iuu 
on day of operation in twin b, and from 102/38 to 140/100 in twin n. 

128/50 to 148/106 and by a decrease in pulse rate from 116 to 100. On dis¬ 
charge from the hospital, the pressure was 112/84, and this normal pressure has 
been maintained. The patient has man’ied and has had several children. 

At the opei'ating table, this evidence of an increase in blood pressure on 
trial closure of the ductus bj' digital pressure is reassuring evidence, first, that 
the proper structure has been isolated and, second, that its permanent closure 
can be tolerated with impunity without depriving the patient of a shunt neces¬ 
sary for proper aeration of the blood as might occur in connection with a patent 
ductus accompanjdng a mild, unrecognized tetralogy of Fallot. 

The fortuitous passing of a catheter from pulmonary arter 3 ^ through the 
ductus into the aorta is worths’- of mention to illustrate the effect of a ductus 
upon oxygen values at various sites. 
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Case S.—L. P., ■nns 6 years old. The mother had had rubella at one month of gesta¬ 
tion. ifurmur irns first noted in the infant at 10 weeks of age. At 2>4 years, a thoracic 
deformity (scoliosis) was fir.st noted. The patient was admitted to the hospital in Septem¬ 
ber, 1919, for cardiac catheterization studies, there being a que,«tion of an interauricular 



«o«lt a,.,, and a "" P”'’ 

of the pulmonary vascular bed. " ' marked enlargement 

Cardiac catheterization resulted in tlirpaitinn^ a 

into the aorta (Fig. 17 ). ' from the pulmonary arterv 



Superior vena 
Fight auricle 
Eight ventricle 
Pulmonary arterv 
Aorta 

Oxygen capacitv 
Oxygen saturation 


10.9 

10.5 

10.5 
13.4 
13.4 
15.0 
S9% 


0.0 Zulu. 
61/11 
60/37 
Sl/45 


ciij., alter Iigution, 1.5 cm Tho ^ puinionarv conn*; ha/i « 7 - 

tion and the follnutno- 7 Wood pressure rose to l^O/Qn ' ^ ^ diametej 

foUonmg day was 130/110, but subsequently ,lrl a ““'^^diately after liga- 

Pregnanev as a complication of 

ing patient: ‘ " ductns is illustrated by the follow- 
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Case 9. Mrs. 0. M. IST., 26 years of age, was known to have had a heart murmur since 
the age of 8 years. Altliough slie had been followed b}- a competent pediatrician before that 
time, no murmur had been noted, and after its discovery it apparently was rather evanescent. 
Slie plajed basketball in high school without discomfort. Since an attack of measles one 
year before admission, there had been some shortness of breatli, wliich had become very dis¬ 
tressing since becoming pregnant about a month before admission. Formerly a choir singer, 
she could no longer sing due to dyspnea. The least elTort at work tired and distressed her. 
Her heart “pounded'’ on e.vcitemont. There had been no cyanosis, no fever, and no swell¬ 
ing of the ankles. 

Pliysical examination disclosed a machinery-like continuous murmur over the second 
interspace to the left of the sternum, the systolic phase audible over the whole precordium; 
blood pressure 140/70, pulse rate 120, after exercising, 148. The electrocardiogram was nor¬ 
mal; red blood cells numbered 3,500,000, hemoglobin 80 or 13 Gm. per 100 c.c., white cells 
5,100. On March 18, 1948, the ductus was divided and the two cut ends were closed with 
continuous sutures. On closing the ductus, the pressure rose from 110/70 to 110/90. Eecov- 
ery was uneventful and she left the hospital on March 28, only to lose the 1-month-old fetus 
three days after returning home. Blood pressure one month later was 136/84. 

TJie case is cited to illustrate the baneful effect of pregnancy on a heart al¬ 
ready burdened by a patent ductus.^^ TJie increased total blood volume^® and 
increased cardiac output tvhich occur in pregnancy together with the increased 
output and increased blood volume due to the'ductus both combined to increase 
the cardiac burden and the d 3 ’spnea that developed during the pregnancy. The 
diminished cardiac reserve imposed bj’’ a ductus in adult years as observed in 
this pregnant woman provides additional justifieation for advising closure of 
the ductus in cliildhood. 

Five patients were explored b 3 ’- thoracotomy for s 3 ’mptoms and signs indis¬ 
tinguishable from those of an open ductus, but no ductus was found. 

Case 10.—V. M., 8 3 ’ears of age, had a cardiac murmur discovered at the age of 26 
months. She had been on restricted activity, but had few, if any, cardiac S 3 'mptoms. 
Upon physical examination, there was a harsh s 3 'stolic murmur over the precordium, loud¬ 
est over the second and third interspace to the left of the sternum. A thrill was present 
in this region. Posteriorly, the murmur could be heard but it was less loud. The blood 
pressure was 112/72. An electrocardiogram showed right axis deviation. Eoentgenograms 
revealed a greatly enlarged pulmonar 3 ’- conus. This was confirmed b 3 ' angiocardiograms 
■which were interpreted as showing roopacification of the pulmonary artery from the aorta, 
suggesting a patent ductus. On April 19, 1941, the left thorax was explored through an 
anterior incision. A greatl 3 ' enlarged pulmonary artery was found, and at its origin there 
was a marked thrill and a loud bruit heard through a sterile stethoscope. Pressure could 
not completely obliterate it, although it could be reduced in intensit 3 '. No ductus was 
found. A diagnosis of aortopulmonary artery septal defect wms made, closure of which 
was not considered feasible because of its location. She was last seen in 1945 when she 
was having growing pains suggesting the possibility of rheumatic fever. 

Case 11.—M. S., a 19-year-old Japanese girl, was known to have had heart trouble 
for live years. There had been no symptoms until one year before entry, when palpita¬ 
tion and exertional d 3 -spnea developed. Upon examination, there was a very loud, con¬ 
tinuous murmur and thrill in the third left interspace, heard loudest approximately 6 cm. 
from the midline. The murmur could also be heard over the whole left thorax, and was 
quite loud in the back. Eoentgenograms showed a large heart suggestive of patent ductus. 
The blood pressure was 108/40. At operation, on Jan. 15, 1949, an obliterated ligamentum 
arteriosum was found. A marked thrill was present at the base of the pulmonary artery, 
just at its point of origin. Pressure in this region obliterated the thrill. It was not con¬ 
sidered technically feasible to close the defect due to its close proximit 3 ' to the heart. 
There has been no progression of symptoms since the operation. 
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r.sr A W aged 6 vears, avas first suspected of having cardiac trouWo at the 

... otT^ic'Je oi . ;»«.«■ 0.4 .V.I.U. ™~u,. F«,«.n. »M., 

fati^afiilitv and a bluish pallor have been noted frequently srncc. 
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SSerteation studies suggested an atjTical interventricular septal defect but a 
patent ductus could not be ruled out (Table III). 



T.abee III 


. ^ — 

SITE OF CATHETER 1 

OEVGEX COXTfST 1 

VOLUMES rtn text | 

vr.F.sstjun 

M FASlTHKMnKTS 

Inferior vena cava 

Superior vena cava 

Eight auricle 

Bight ventricle 

Pulmonary artery 

Femoral artery 

Femoral artery 

Hemoglobin 

11.0 

13 

J3.6 

16.2 

15.9 

16.9 

92% saturated 
12.S grams 

S4/7 mm. Hg 
S4/44 mm. Hg 
S6/54 mm. Hg 



At operation on June 22, 1050, there vras no ductus present, the heart rvas large; the 
left pulmonary artery rvas greatly dilated ■with a diatneter of 2.5 cm,, whereas the arch 
of the aorta seemed hypoplastic with a diameter of only 1.5 cm. Only a mild systolic thrill 
was present over the pulmonary artery. A high interventricular septal defect was thought 
to be most probable. 


Case 13.—M. S., 25 years of age, had always been short of breath, easily fatigued, and 
pale since birtiu hlarried seven years previously, there had been three pregna-ucies with, two 
living children. Six moath.s before admission to hospital, while five months pregnant, she had 
become more dyspneic, unable to do lier work, and fainted on several occasions. In the two 
mouths before admission there had been fever, with chills, severe sweating, severe headaches, 
and a blood culture had jielded an organism identified later as an anaerobic, gram-positive 
member of the Actinomycetales group for which 200,000 units of penicillin had been admin¬ 
istered every three hours for a week. 

Physical examination showed marked pallor, dyspnea while lying in bed, visible thrust 
of the precordium, palpable thrill over the whole precordium, and a loud machinery-like mur¬ 
mur, most intense over the left tliird interspace, hut heard over the whole precordium, in the 
left amUa and back and in the neck. Tbe temperature was 38° C., the pulse rate 110, respira¬ 
tion 20, blood pressure 1-12/oS; red blood cells 4.9 million, hemoglobin 75 per cent, venous 


pressure 10 cm. water; circulation time, arm to tongue. 34 seconds. 

The clinical diagnosis by all who saw her was patent ductus with bacterial endarteritis. 
Under observation and with penieiUin therapy, the temperature improved althongh it remained 
somewhat elevated, and the blood pressure became 160/0, suggesting an increasing shunt- 
accordingly early operation was advised. 

At operation on Oct. 1, 1947, no ductus vras found. The tiiriil which was greatest im¬ 
mediately over the origin of the pulmonary artery could he obUterated onlv by almost com¬ 
plete closure of the pulmonary artery by pressure. A high fever and rapid pulse followed the 
operation; the patient lost ground rapidly and died in cardiac-faUure six davs after operation 

At necropsy, the foramen ovale measured 1.5 by 0.5 cm. with vegetations on its marrin’ 
There was an interventricular septal defect (Tig. IS) measuring 1.7 bv 1.2 cm and an aneu' 
^sm of the sinus of Valsalva providing a communication into the right ventricle, measurin- 
0.- by 0.3 cm. The pulmonary arterv- was greatly dilated, measuring 9.S cm. in circumference 
tte aorta, 6.2 cm. The tricuspid valve measured 14.7 cm. in circumference, the mbS valve 
11.. cm. Endocarditis involved the aneurysm, the septal defects, and the pulmonary artlj 

Case 14,—A. A., 33 years of age, entered the hospital with the comnlaiot ; 
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serious symptoms until ten years previouslj' when an abrupt attack of palpitation occurred 
lasting about four hours. Examination then showed a dextrocardia, and a sj'stolic murmur 
over the right precordium. During the two j'ears before entry, he had noticed a gradual!}’ 
increasing fatigability and dyspnea. One year before entry he had hemoptysis and an 
attack of vertigo. Upon examination, the blood pressure was 120/70. The neck veins 
pulsated. The heart was on the right. The murmur was now clearly continuous in the 
right second interspace, with a rough, loud systolic component at the third and fourth 
right interspace. Eoentgenograms showed an enlarged left ventricle and congested pul¬ 
monary vessels which pulsated actively. Electrocardiograms showed abnormal T waves 
and abnormal precordial leads. Laboratory and blood studies were normal. Cardiac 
catheterization* revealed an oxygen content of J5.T volumes per cent in the right ventricle 
and 20.8 in the pulmonary artery. The femoral artery blood was 96 per cent saturated. 
The right ventricular pressure was 77/0, and the pulmonary artery 20/-2. These findings 
were considered as being compatible with patent ductus arteriosus and pulmonic stenosis. 
Operation was performed on April 1, 1902, through a right posterolateral incision. The 



Pis'. IS (Case 13).—Following- thoracotomy for presumed ductus which was not found, the 
patient died of bacterial endocarditis. Two lesions accounted for signs and symptoms indis¬ 
tinguishable from those of ductus, namely, (1) an aneurysm of the sinus of valsalva trans¬ 
mitting blood from aorta into pulmonary artery, and (2) a high interventricular sepal defect. 


ductus was not patent. After opening the pericardium, it was found that the maximal 
thrill was in the myocardium at tlie beginning of tlie aorta and pulmonary artery, giving 
the impression of a defect near or perhaps just distal to the valves. It was impossible to 
stop the thrill b}' pressure. Due to the proximity of the coronarj- vessels, it was felt in¬ 
advisable to attempt closure of the defect. The postoperative recovery was uneventful. 


♦Performed by r)r. Hultgren. 
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Operative Tcc/nogi.c.-The following important details characterize the 

operation as performed at the present time. ^ ^ ^ i <1 • j 

1 Operative approach either through an anterior incision in tlie third 
intei-space ^vith di^ision of the third and second costal cartilages, or through a 
posterolateral incision in the fourth intei-space with scparanoii ot the ribs but 
without either division or excision of a rib. The former incision is preferred in 
boys, and the latter in girls or in young women sensitive to the appearance of a 


scar. . 

2. Identification of the .site of the ductus by palpating tor the area oi 

greatest thrill. 

3. Identification of the vagns nerve and of the recurrent larjmgeal nerve as 
it runs underneath the ductus. 

■i. Isolation of the transvei-se arch proximal to the left subclaman arterj- 
for the subsequent application of a Potts serrated clamp or an occluding clamp 
such as the cloth-shod Crafoord clamp just prior to ligation oi the ductus. 

5. Isolation of the anterior, lateral, and medial walls of the duetus close 
to the thicker walled aortic end rather than near the pulmonic end. The trans- 
vei-se diameter of the ductus is measured, and this measurement is used in lo¬ 
cating accurately the site of the posterior wall of the duetus so as to stay well 
away from it and thus avoid injuring it during dissection of the posterior peri¬ 
ductal tisites. Once the tip of the right-angled clamp has penetrated the peri¬ 
ductal tissues to reappear on the side opposite the operator, the complete isola¬ 
tion oi the ductus is a matter oi careful division and separation oi tissues now 
easily observed and identified. The full length of the ductus having been prop¬ 
erly developed, the effect of its elosiu-e on blood pressure and pulse is deter¬ 
mined and measurements are taken. The decision is then made whether to 
apply multiple ligatures in eontuiuirt-’® or to apply four clamps, dirtde be¬ 
tween the central two clamps, remove these two clamps, and suture the open 
cuff projecting beyond the remaining two clamps.='" Kecently, a decision to 
divide and suture the duetus in a 4-year-old child was made because of its large 
size. 1.5 cm. in diameter. To apply a ligature to such a large ductus invites the 
real danger of fracturing the wall of the ductus while attempting to drive home 
the knot. Division and suture were easily performed. 


A word of caution when applying multiple ligatmes is in order. In apply¬ 
ing the first ligature to the aortic end of the ductus, the ligature is anchor^ 
in place by taking a few bites of the periductal and periaortic tissues so that in 
tying, the ligature will not slip fi'om the end to the center of the ductus. Also 
before tying tliis Ugature, a serrated Potts elamp==i or a Crafoord clamp is ap- 
pbed to the transverse arch in the area prertously mobilized to be released a^min 
as soon as the ligatui-e has been tied. Tliis abolishes pulsation in the ductus 
during the act of ligation, thus reducing the hazard of fracturing the wall of 
the ductus. The re-establishment of an open ductus followin<r li<ration mav 
well have its origin in injuiw to its wall at the moment of tving^'a teot a-ainrt 
the resistance or a vigorously pulsating blood stream. A lisature is next annlid 
to the pulmonic end of the duetus, it also being anchored in place bv taSi- a 
tew bites of the periductal tissues just where it joius the 
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Table IV. Age at Operation 


AGE (YR.) 

NO. 

AGE (YE.) 

NO. 


0 to 2 

5 

16 to 20 

6 


3 to 5 

25 

21 to 25 

3 


6 to 10 

23 

26 to 30 

2 


11 to 15 

10 

31 to 35 

1 



Two transfixion ligatures are tlien applied to tlie ductus in the segment be¬ 
tween the two ligatures previously placed. The site of ligation is bathed in peni¬ 
cillin solution, the pleura overlying tiie ductus is closed, and the cliest wound 
resutured. Intercostal drainage is rarely used. Very little blood is adminis¬ 
tered by transfusion unless real blood loss has occurred since closure of the 
ductus invariably causes a tempoi-aiy rise in blood pressure due to the auto¬ 
transfusion that occurs at the moment of ligation, attributable to the increased 
blood volume that has occurred in the presence of the ductus. 


Table V. Reasons for Operating 


Clinical diagnosis with few or no symptoms 
Clinical diagnosis with enlarged or failing heart 
Clinical diagnosis with moderate to severe d 3 -spnea 
and fatigability, poor growth, or endocarditis 


30 

5 

40 


Another word of caution is in order. If, at any time, bleeding should occur 
during isolation of tlie posterior wall of the ductus and tliis bleeding is easily 
controlled by mild digital pressure, further dissection is immediately discon¬ 
tinued. Two courses of action are then available. If no further bleeding occurs 
upon release of digital pressure, several minutes later, the operation ma}’’ bo 
terminated and the wound closed. After the elapse of six months to one year, 
reoperation maj'^ again lie considered and performed witliout difficulty. This 
procedure was employed in one case in which this mild bleeding occurred dur¬ 
ing isolation of the posterior wall of the ductus. Disaster might have followed 
if the operation had been iiursued further. Six months later complete success 
marked the second operation and the child is now well. The only death occurred 
in a young 7-3mar-old patient in whom this precaution was not observed Avhen 
slight, easilj^ controlled bleeding occurred Avhile isolating the posterior wall of 
the ductus. In pursuing the dissection further, excessive bleeding was en¬ 
countered, requiring transfusion of 2 liters of alien blood (presumably properly 
matched) and 2 liters of her own blood recovered at the operating table. De- 

Table Associated Noncardiac Anomalies 


Cataract and strabismus* 

Cataract* 

Cataract and clubfoot 
Cataracts, bilateral, internal strabismus, 
thoracic deformitj*, displaced lenses* 
Cataracts, nj-stagmust 
Strabismus 
Undescended testes 
Hypogonadism 
Megacolon 
Thoracic deformity* 

Harelip, cleft palate, sjmdactjdism_ 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


•Mother had rubella at about one month of grestation. 
tMother had rubella at two to three months of gestation. 
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spite the successful division of the ductus, complete anuria followed and she 
died in commlsions seventy-two hours after operation. . , 

A second course of action would he to continue the operation by isolating 
all structures proximal and distal to the ductus, as described in Case 4, and to 
proceed with division of the ductus. This decision may, in some measure, depend 
upon the experience of the operator. 

Tables IV to VI provide some pertinent details. 


SUAIM.lRV 


The ductus arteriosus with or without symptoms should be closed by opera¬ 
tion if it remains patent beyond the age of 5, in order to avoid the hazards 
of retarded physical development, cardiac decompensation, or bacterial endo¬ 
carditis. 

A patent ductus is in effect an arteriovenous fistula within the heart and 
has the same effects upon the eireulation as a peripheral arteriovenous fistula 
including increased cardiac output, limited in the case of a ductus to one- 
half of the heart, increased blood volume, reduced blood pressure, particu¬ 
larly diastolic pressure, cardiac dilatation, and eventually decompensation. 

Cardiac failure may occur at an early age if the ductus is large and 
easily distensible. As the cbikl with a patent clnctns grows to adnlt stature 
the lower resistance imposed by the pulmonary circulation as compared with 
that of the systemic circulation will attract a progressively greater volume of 
blood mto the shorter circuit, resulting in progressive dilatation of this shorter 
circuit including the ductus and the left heart. This progressively increasing 
blood flow through the shorter circuit is limited by two factors, the innate 
rigidity of the ductal wab itself and the increasing fibrosis of the pulmonary 
capillaries incident to their connection with the high pressure of the s.rstemic 
circulation. These two factors diminish the difference in the resistances of 
the two systems and reduce, aud may even abolish, the tendency for an in¬ 
creasing volume of blood to flow tbrougb the ductus, the effects of which then 


remain stationary. Both factors are operative in delaying the appearance of 
cardiac symptoms to adulthood, but the appearance of cardiac sjTuptoms is 
inevitable if a difference in the resistances of the two systems pei-sists, if the 
ductus remains open, and if its walls remain distensible. Jnst as a dilating 
peripheral fistula eventually reseilts in cardiac decompensation, so will a dilat¬ 
ing ductus increase the flow through it and produce left heart failure. 

Bacterial endocarditis and endarteritis occurred in one patient at the 
early age of 7, cured by ligation of the ductus. An aneurysm of the ductus 
occurred in another patient of 11 years whose ductus had been ligated twice 
preriously and was accompanied by a bacteremia completely resistant to all 
antibiotics. Division of the ductus at the site of the aneurysm resulted in im 
mediate disappearance of the bacteremia and complete restoration to health 
In another patient of 14 years of age, an aneurysm of the pnlmonaiw 

ductus followed a bacterial endarteritis Z 

992 ot had bean gip.n „.ith contol Ij the bt 

teremia. Ligation of the ductus and wrapping of the aneurysm with PePn 
phane has stayed the aneurysmal process. ^ ™ Lello- 
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A pair of twins, S^/o years old, showed about the same clinical response 
to i^atent ductus both before and after' an operation in the course of which 
remarkably similar ductus in shape and size were found. The circulatory 
effects of one ductus were slightly more irronounced as shown by a larger 
heart and a lower diastolic pressure. At operation this ductus measured one 
millimeter larger in diameter at both the aortic and imlmonie ends. 

One patient, cyanotic in life, was not operated upon due to a mistaken 
diagnosis, and died of cardiac failure at the age of 16 years. Necropsy re¬ 
vealed evidence that the flow of blood through the ductus throughout life had 
been from iiiilmonary artery to aorta with an excessive development of the 
right heart as comiiared with the left. It is questionable if the isatient could 
have survived ligation of the ductus at this age because of the preponderant 
hypertrophy of the right heart. Recognition of this condition earlier in in- 
fanc}’^ would no doubt have permitted permanent correction by operation. 

A woman 26 years of age ivith a knoum patent ductus but without sei'i- 
ous symptoms for many years became pregnant. At the end of about a month, 
increasing dyspnea and easy fatigability led to division of the ductus, which 
eliminated all cardiac sjmiptoms. This experience provides added support 
for early operative closure of a ductus no matter how sjnnptomless it may 
be in childhood. 

Five patients with all the signs and sjnnptoms of patent ductus were 
operated upon by thoracotomy but no ductus was found. One patient, a mar- 
I'ied woman, 25 years of age, died following thoracotomj’’ with advanced signs 
of bacterial endocarditis. At neeropsj’’, a high interventricular septal defect 
until an aneurysm of the sinus of Valsalva communicating ivith the pulmo¬ 
nary artery, complicated by the extensive vegetations of a bacterial endo¬ 
carditis, was found. The other four patients recovered ivithout accentuation 
of symptoms and were presumed to have aortic-pulmonic septal defects or 
high interventricular septal defects involving both aorta and pulmonary 
artery. 

Eight patients with patent ductus were treated bj" division and sixty- 
seven by multiple ligation in continuity. The first ductus operated upon 
recurred following ligation with one ligature, and one ductus recurred fol¬ 
lowing triple ligation with the formation of an aneurj^sm. Both patients were 
cured, the first by religation, the second by division of the ductus at the site 
of the aneurysm. One death, in seventy-five eases, occurred on the third day 
following operation for division of the ductus due to a complete anuria inci¬ 
dent to blood transfusion. 
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DISCUSSION 

DR. RICHARD H. AIEADE, Grand Rapids.—I have no intention of discussing this 
excellent paper as I am not qualified to do so, but I do n-ish to report an interesting experi¬ 
ence that my associate. Dr. Rasmussen, had tivo years ago, as it may be of value to some 
of you. 

The patient was a woman in her 20 ’s who had an obvious patent ductus arteriosus. 
At operation, during the dissection about the duct, serious bleeding was encountered which 
necessitated ligation of the pulmonary artery in order to control it. The ligation was 
done without fear because we knew that it had been demonstrated that it produced no 
deleterious effects. A few da3's later we left for the Denver meeting of this Association 
with no worries about the patient. Upon our return, however, it was evident that she had 
gangrene of the lung and a pneumonectomj^ was done. She died at the conclusion of the 
operation. Autopsj' failed to demonstrate an_v abnormalities that could have accounted 
for the unusual course of events. 

It is our belief that the gangrene developed because this patient’s lung had been 
supplied for some twenty 3’ears with arterial blood through the ductus, as well as through 
the bronchial arteries. The bronchial arteries had, therefore, not developed normally and 
when the entire load of the circulation had been thrown on them b3^ ligation of the pul¬ 
monary arter3'’ had been unable to meet the demand. It is likel3’^ that an infant could 
tolerate ligation of the puImonar3' artery, but we believe that should it ever become neces¬ 
sary to ligate the pulmonari' artcr3' in an adult with a patent ductus arteriosus, then the 
lung also should be removed. 

DR. EDGAR W. DAVIS, Washington, D. C.—I should like to make a few comments 
on the presentation of Drs. Holman and Gerbode, which I have enjoyed immensely. Upon 
many occasions, at the meetings of this Association, when discussing the technical proce¬ 
dure of double ligation versus division and suture of patent ductus arteriosus, I have 
defended the former method. Several 3’ears ago, when I discussed papers b3’ Drs. John 
Jones, Robert Gross, and Clarence Crafoord, I reported a series of twent3’-five or more 
patients upon whom I had operated, using the multiple ligature method, and I stated at that 
time that we had had no recurrences and no serious complications. On that basis, I saw 
no reason to change to the technique of division and suture. 

Now, after a period of additional years, with accumulated experience involving more 
than a hundred cases, I find that we have two definite cases of recurrence or recannuliza- 
tion, and possibly a third case which at this time has not been proved. The patent ductus 
clamp designed by Dr. Willis Potts has made the operation of division and suture one of 
complete safet3’. As a matter of fact, out of our first sixt3’-five patients operated upon, we 
did double ligations in sixti'-three and divided and sutured in only two. Because of the 
fact that the operation can now be performed with safety with the use of the Potts clamp, 
therebi’ minimizing the percentage of recurrence, I wish to take this opportunit3’ to retract 
m3' previous statements in which I advocated double ligation instead of division and 
suture. So, in the words of the famous poet, Edgar Allen Poe— 

"Be not the first b3’ whom the new is tried, 

Nor the last to 133’ the old aside." 

DR. HARRIS B. SHUMACKER, JR., Indianapolis.—The fascinating paper of Drs. 
Holman and Gerbode has raised a great many interesting problems. I propose to discuss 
only one of them, that of right ventricular h3’pertension in cases of patent ductus arterio¬ 
sus. We have had three patients whose disorder fell into this category. In one child the 
right ventricular pressure was approximated the same as the S3'stemie arterial pressure. 
Unfortunately, in this case studies were not complete enough to permit us to say whether 
there was reversal of flow through the ductus during an3’ phase of the cardiac C3’cle. At 
the time of operation the ductus was dissected free and clamped cautiously. Marked tach3’- 
cardia developed and the clamp was released. On several successive occasions clamping 
the ductus brought about the same alarming increase in cardiac rate. Einall3’, however, 
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the anctu«= could be clumped ^vithout change in rate or rhrthm of the heart. The ductus 
was con^eqnentlv divided. During the process of suturing the dmded ductus th^e P^*>ent 
developed auricular fibrillation. Fortunately she withstood the r^e“ha= r 1 - 

culty. Shortly afterward conversion to a normal rhythm was achiere , an . 

mained quite "well. 

In one voung Ionian in tier late 20 ^s there ttus good e^-idence of reverEal of flow 
through the ductus from cardiac catheterization studies and from study of arterial oxygen 
saturation in upper and lower extremities. Because we were informed of several disastrous 
attempts of others to treat cases of this sort surgically, we elected not to operate upon 

this patient. 

From cardiac catheterization, a tliird paHent, also in her late 20 's, was hnown to have 
a large atrial septal defect in addition to a patent ductus. At times the right ventricular 
and pulmonarv artery pressures were higher than that of the aorta and there was good 
evidence of reversal of flow through the ductus during some phase of the cardiac cycle. 
There was additional evidence of some unexplained vascular shunt in the lungs.^ Because 
of this fact and the presence of an atrial septal defect, it was thought that she might with¬ 
stand division of the ductus. The hazards of operation were explained to the patient and 
she desired to have us proceed with it. IVhen the ductus was dissected free it was clamped 
with caution. There was no change noted in cardiac rate or rhythm, arterial or venous 
pressure, and there was no evidence of pulmonary edema. Accordingly, the ductus was 
divided. Her convalescence was uneventful. Postoperative catheterization studies reveal 
the right ventricular and pulmonary artery pressures still to be very high. In contrast 
to the situation before operation there is now evidence of a left to right ventricular shunt. 
It thus appears that this patient had a ventricular septal defect in addition to an atrial 
septal defect and a patent ductus arteriosus. She apparently has a complicated and be¬ 
latedly recognized Eisenmenger complex. If there has been any change since operation it 
has been one of mild improvement. 


DE. PAUL T. DE CAMP, Xew Orleans.—I should like to refer to two patients with 
persistent patent dueti, pulmonary hypertension, and a partial reversal of blood flow 
through the ducti. To date, there is no adequate explanation for the increased intrapul- 
monary resistance and the pulmonary arterial hypertension which develops in some pa¬ 
tients with patent ducti. There are a few reported cases, similar to the one reported by 
Dr. Holman, in which there finally develops a complete reversal of flow with generalized 
cyanosis. In the presence of significant pulmonary h\-pertensiou the clinical diagnosis of 
patent ductus arteriosus is dimcult, because the diastolic phase of the tvpical continuous 
murmur tends to disappear. The diagnosis may be clarified by retrograde aortographv 
and cardiac catheterization. In our opinion, as long as the degree of shunt from the aorta 
to the pulmonary artery exceeds the shunt from the pulmonary artery to the aorta, the 
patient may be considered as a candidate for ductal obliteration. The necessary informa¬ 
tion may be computed from the determination of the cardiac output and the oxygen con¬ 
tent of simultaneous blood samples obtained from the right brachial, a femoral, and the 
pnlmonary artery. 


One patient, an ll-year-old girl, had had serious cardiac symptoms for several vears 
Congestive faUure was controlled with difficulty. The clinical diagnosis was difficult and 
rte diagnosis was estabUshed only by retrograde aortography and cardiac catheterization 
The pulmonary arterial pressure equalled the aortic pressure. The left to ric^ht <=hunt <=linhtlv 
exceeded that from right to left. At operation, fifteen minutes after the application of 
claims to the ductus, a peculiar type of cardiac arrest occurred. Begular auricular and 
ventacular contractile movements continued but no bloW was expelled from the heart because 
ffiastohe relaxation did not occur. Carffiac massage was ineffective, formal cardiac activitv 
resumed after six minutes and the ductus was quicklv ligated but the chiM • v 

later from the results of cerebral damage. ' ^ ^ 

A 32 -year-old man has had known heart dicease aji nr, , , 

retarded physical development. Hemoptysis was present for‘ten yeara iLtc'lLwX 
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liospital admission in massive hemoptysis oi 1800 c.c. of blood in a twenty-minute period. 
Pulmonary hj’pertension, a patent ductus, and pulmonary arterial sclerosis were diagnosed on 
clinical, electrocardiographic, and roentgenologic examinations. Following transfusion therapy 
and the demonstration, on bronchoscopy, of a blood clot protruding from the right middle 
lobe orifice, an emergency right middle lobectomy was performed. A pulmonary arterial 
aneurysm 1.5 cm. in size was found, which had ruptured and filled the entire lobe with blood. 
The patient has recovered from the lobectomy. Studies of the degree of the shunt through the 
ductus have not been completed, but we have evidence of a partial reversal of blood flow. 

DR. HOLMAN' (Closing).—I am very grateful for these verj' fascinating additional 
aspects of this problem, particularly Dr. Shuinacker’s remarks. I would like to say that when 
wo ligate the ductus we do not rely on two ligatures. 'We try to emulate Dr. Blalock by apply¬ 
ing two ligatures at eitlier end of the ductus and two transfixing ligatures between them, with 
frequentlj' a fifth at the center of the ductus. I am sure that two ligatures will not suffice. 
We have divided the ductus in eight cases. We recently divided the ductus in a child aged 6 , 
who had a ductus 1.5 cm. in diameter. Ligatures around such a large ductus can easily cause 
trouble with fracture of its walls. But we are content in most instances to do the quadruple 
or quintuple ligation. 

The problem that Dr. Sliumacker raises is, of course, an interesting one, and it shows 
the value of first attempting to find out by digital pressure on the ductus, wliether the pa¬ 
tient will tolerate ligation of the ductus, or not. Occasionally, a ductus may be encountered 
which provides flow into the lung in a mild case of tetralogy of Fallot, and under these cir¬ 
cumstances one would not want to ligate it. This question of tachycardia that yielded eventu¬ 
ally to closure of the ductus, probably has to do witli reversal of flow through the ductus. 
Of course when we have increased pressure in the pulmonary system incident to a direct 
connection Math the aorta, pulmonary fibrosis and pulmonary hypertension is the inevitable 
result, and it may be that periplicral resistance in the two systems will eventually equal each 
other, with the result that flow through the ductus will alternate, first in one direction and 
then in the other, depending upon such other factors as complete rest or violent exertion. 
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T'HE principle of arterializatioii and of the reversal of the floiv of blood 
1 through the coronary sinus and its ramifications ivas first suggested bj 
Roberts’^ and was first successfully carried out in both the experimental labora¬ 
tory and in human clinical eases by Beck and his co-workers.- “ It is the 
pui'pose of this article to confirm the beliefs of Beck and associates and to 
establish the anatomic basis for the clinical benefits observed. A relatively 
minor technical modification of the original Beck operation is offered u hieh is 
believed to lessen the likelihood of thrombosis and obliteration of the arterio¬ 
venous anastomosis. 

The chief field of applicability of this procedure is found in the treatment 
of occlusive disease of the coronary arterial system (atherosclerosis). How¬ 
ever, arterializatioii of the coronary sinus might well prove useful in indi- 
mduals presenting the anomaly of one or both coronary arteries (especially 
the left) arising from the pulmonary artery. 

Coronary occlusion, myocardial infarction, angina pectoris, and acute 
coronary insufficiency are all essentially manifestations of the same underlying 
process—arteriosclerosis affecting the coronary arterial system. Like artei’io- 
sclerosis elseivhere. it may be part of a generalized process involving all of 
the arteries of the body in approximately equal degree, or it may be so much 
more advanced and progressive in the coronary arteries than elsewhere as to 
seem to be an isolated process. It is essentially these latter cases which offer 
the best indications for surgery aud the best clniical results. 

Fi'om the clinical standpoint, one may consider coronaiy arteriosclerosis 
to be essentially an occlusive process in which the lumina of the large and of 
the medium-sized coronary arteries are progressively diminished by subintimal 
thickening of the vessel walls. Plaques of subintimal cholesterol deposition 
or of actual ulceration may be seen predisposing to the development of throm¬ 
bosis u-ith complete obliteration of the lumen (Kg. 1). Since the muscle- 
lieariug moderate-sized branches of the coronary arteries are functionally 
similar to end arteries for a given area of the heart, the segments of myo¬ 
cardium normally supplied by each of these vessels may become iufarcted 
unless sufficient collateral chaunels have become established or have opened 
up to m aintain nourishment of the myocardium. Schlesinger and ZoU® have 
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shoini that only the larger and medium-sized branches of the coronarj arteries 
are affected by this process, the smaller branches ivithout muscular coate being 
spared. Hence there are some possibilities for the development of an adequate 
collateral blood supply through these smaller branches. Hoivever, the de¬ 
velopment of such collateral circulation (intercoronary communications) is 
often a slow process and is inadequate to protect against the effects of a su 
den complete occlusion of one of the coronary arteries. 

At best, the development of such collateral circulation between the i ari- 
segments of the coronary arterial system is unpredictable, due to the 


ous 


marked variation in the vascular pattern in different individuals. It can im¬ 
prove the distribution of the blood provided by the major coronary arteries, 
but it cannot significantly increase the total amount of blood available for 
myocardial metabolism and nutrition if there is appreciable diminution in tliis 
central coronary supply. Hence all operative and medical mechanisms which 
rely for their effects upon the development or enhancement of normally mini¬ 
mal intercoronary blood flow are limited in their ultimate clinical potentiali¬ 
ties. Only those processes and procedures which have the effect of augmenting 
the total coronary circulation can be effective when there is a progressive 
and severe diminution in the total myocardial flow. 

Such possible augmenting processes include the overdevelopment of nor¬ 
mal intracardiac openings which might permit direct passage of blood from 
the chambers into the deeper myocardial sinuses (sinusoids), and the develop¬ 
ment of additional vascularity at the base of the heart, and in adhesions oc¬ 
curring between the heart surface and the adjacent pericardium (extracardiac 
circulation). Such natural compensatory processes may, in certain unusual 
individuals, entirely replace the normal coronary arterial flow when the latter 
gradually becomes completely obliterated." However, these natural processes 
are relatively inadequate to protect completely the average affected individual 
from the effects of a sudden major coronary occlusion, and so cannot be re¬ 
lied upon. 

Attempts have been made by Beck,® 0’Shaughnessy,® and others to aug¬ 
ment the effect of these natural mechanisms by suturing adjacent vascular 
tissues (omentum, lung, pericardium, pectoral muscle) to the surface of 
the heart. Beck has made a point of removing the epicardium with a burr 
in order to eliminate this possible anatomic barrier to adequate vascular com¬ 
munion between the graft and myocai’dium. 

Thompson and Raisbeck” have used powdered talc in order to produce 
vascularized adhesions between the pericardium and the epicardium Beck 
and co-workers,^^ after extensive animal experimentation, suggested the use 
of powdered asbestos which they considered more effective than talc As 
hestos not only stimulates the production of vascularized adhesions between 
the epicardium and the pericardium, but leads to an extensive dilatation and 
merdevelopment of normal intercoronaiy communications. It is interestine 
that some patients so treated seem to have been improved ^ 

It is our considered opinion that only a very small percentage nf 
Mmal aaronaiT flo>v can b. replac.a bj- aach eatracardiao aources Tta 
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these ineasiu’es reaJJy afford only partial protection against immediate death 
from a sudden arteinal occlusion, and a certain measure of possible prolonga¬ 
tion of life and comfoi't. For these reasons, Beck^ has inevitably turned his 
attention to the possibilities of largelj'^ or completely replacing the normal 
coronary blood flow. He hopes thus to permit a complete or appreciable 
restoration of the patient to health and activity. He has experimentally sup¬ 
plemented the coronary arterial flow by shunting arterial blood through the 
coronaiy sinus into its tributaries. 

There are those who question the possibilitj" of retrograde blood flow 
through the coronary sinus system into the myocardial capillary bed. We 
propose to show that this flow can be reversed when ai-terial blood is shunted 
into the coronaiy sinus, at least after subsequent narrowing of the sinus near 
its exit into tlie right atrium has been accomplished. 

Others'- have intimated that natural communications exist betAveen the 
supei'flcial cardiac and the deeper myocardial A'eins which drain directly 
through small openings into certain of the cardiac chambers. Such com¬ 
munications Avould pei-mit arterial blood entering the coronary sinus to escape 
by Avay of the myocardial veins. Such blood would be lost from the capillary 
bed and hence could not nourish the cardiac muscle. We are aware that such 
communications exist'^ and feel that they aiford a valuable safety mechanism 
regulating the retrograde floAV. They do not defeat the physiologic purpose 
of the operation. While some of the blood admittedly escapes through them 
into the right atrium, a residual quantity ma.v be distributed through the 
tributaries of the coronaiy sinus into the capillary bed of the myocardium. 
The amount of this eapillaiy floAv may be proportional to the deficiency in 
supply from the corouarj^ arteries. Should too great a quantity of blood enter 
the sinus bj^ A’irtue of the establishment of a very large graft, these communi¬ 
cating Amins AAull undoubtedlj^ permit the excess to drain off into the cai’diae 
chambers. Thus, engorgement and damage to the myocardial eainllary bed 
are avoided. Furthermore, these communications, especially those inAmlving 
the epicardial Amins, represent the only possible route for getting blood from 
the coronaiy sinus to the right Amntricular mjmcardium. 

ANATOMY 

Recent anatomic studies by one of us (R. C. T.) haAm reAmaled some in¬ 
formation on the coronary circulation AA'hich is of considerable significance in 
the Beck procedure," By means of Avax model reconstzTictions of the human 
neAvborn heart, it Avas possible to demonstrate continuity betAveen the large 
Amins and Amnous sinuses of the Amntricular myocardium and the lumen of the 
coronary sinus. Similar continuity Avas demonstrated betAveen the myocardial 
Amnous channels, the lumen of the right atrium, and the cardiac veins lying in 
the epicardium. It is interesting to note that many of these thin-Avalled Amnous 
sinuses Avere found to accompany and to ramify in the common bundle of 
conduction tissue as they crossed the fibrous ring of the heart. 

These microscopic obseiwations on the venous supply of the heart haAm 
more recently been Amrified and extended by the usage of injection experi- 
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iiieiits radiographic films, and study of serial celloidin sections (Angulo and 
Truex-^) These authors studied both the arterial and Yenous systems of the 
human and dog heart with a standardized liarium sulfate-gelatin solution. 
By comparing the arterial and venous injected specimens they cleailj demon¬ 
strated that in the adult, the left ventricle and interventricular septum pos¬ 
sesses predominant arterial and venous systems, Avhereas the right ventricle 
has a more meager vascular supply (Fig. 2, A and B). Greater significance 
is attached to their discovery that, within the left heart, the venous tributaries 
of the coronary sinus form an extensive network which is several times more 
abundant than that formed by corresponding branches of the left coronary 
artery.’® This rich venous plexus, formed by tributaries of the coronal^' sinus, 
has been found to be continuous distally Anth the myocardial capillary bed.’® 



.A. 


Fig. 2.— A, Injection study of a human heart through the coronan.' arteries. B, Injection 
study of a human heart through the coronarj' sinus system. This reveals the numerous venous 
channels throughout the left ventricle and the interventricular septum. Note the small amount 
of filling over the right ventricle. (Courtesy of "Wistar Institute.) 


Hence, this anatomic ivork has indicated that ivhen the normal arterial system 
of the heart becomes partially obliterated, as in atherosclerosis, the A’enous 
tributaries of the coronary sinus can by surgical intervention provide an alter¬ 
nate route to the capillary bed to meet the functional demands of the left 
A'entricle and septum. 

Injection studies have been completed on three dog hearts follou-ino- the 
Beck procedure. All of these specimens demonstrate that following their arteri- 
alization, the branches of the coronary sinus establish large epicardial anasto 
moses AA-ith the small cardiac and anterior cardiac veins of the right ventricle 
Through ftese anastomoses the right ventricle may also receive arterial blood 
after the Beck procedure (Fig. 3, .4 and B). 

The vascular connections of the coronary sinus have also been studied- 
It possesses anastomoses Anth the cardiac veins of the right ventricle,- myo- 
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Fig. 3.— A, Injection study of a dog's heart following a Beck procedure. The injection 
media has been introduced by way of the vein graft into the coronary sinus. B. The same 
heart, opened after the method of Schlesinger. Note the vascular channels demonstrated 
throughout the heart and especially those of the right ventricle, due to the opening up of 
epicardial anastomoses by the pressure-head of blood entering the coronary sinus by way of 
the aorta. Compare with Fig. 2, B. 
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cardial veins and venous sinuses of the atrium, interventncular ^ 

the left ventricle; and wth the lumen of the right atrium. These coHatera 
channels of the coronary sinus serve as a safety valve mechamsm after the 
Beck procedure. Such collateral channels also return the major outflow 
the lumen of the right atrium as indicated hy their word schema (F g. ). 


HORTA 

YE«N OTAFT 



Fig. 4 —Schematic representation of the pathway of blood entering: the heart following: a 
Ceck procedure- The 5olia lines represent pathways which we have demonstrated. The broken 
lines represent pathways which are either theoretical or have been reported by others hut which 
have not been demonstrated by us. 


RESCLTS OF AXA.TOM.IC CCVt^TlGATIONS 


Radiologic films and microscopic methods all demonstrate that: 


1. The left heart and septum, possess a much richer arterial and venous 
system than the right heart. 

2. Ill the left ventricle and septum the venous system is far more abun¬ 
dant and extensive than the arterial system. This extensive venons network 
is drained hy trihntaries of the coronary sinns, 

3. The coronary sinns and its tributaries possess contumity with the 
capillary bed of the left ventricle and septum. The coronaiy sinus also has 
several collateral channels leading to the lumen of the right atrium. 

4. Axterialization of the coronary sinus by tbe Beck procedure permits 
arterial blood to enter the capillary bed of the left heart by retrograde flow 
through tributaries of the coronary sinus. 


0. FoUorvmg Its artenahzation, hrauches of the eoroiiai-v sinus establish 
epicardial anastomoses inth the small cardiac and anterior cardiac veins of 
the right ventncle. Through these anastomoses, the ri-ht 
ceives arterial blood after the Beck procedure. 
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6. Collateral venous connections of the coronary sinus serve as a safety 
valve meehanism after the Beck procedure. These collateral channels also 
return the major outflow to the lumen of the right atrium. 

ANATOMIC CONCLUSIONS 

Anatomic findings, to date, indicate that the Beck procedure offers vas¬ 
cular benefits to the entire heart in cases of advanced coronary arteriosclerosis. 
Better nourishment of the myocardium is attained hy a combination of the 
following two factors: 

1. Retrograde flow of arterial blood through the extensive venous tribu¬ 
taries of the coronary sinus provides new avenues to the capillary bed as well 
as drainage routes back to the heart chambers. 

2. Development of anastomoses between branches of the coronary vessels 
and extracardiac arteries occurs at the base of the heart with the arteries of 
the pericardium, vasa vasorum of the aorta and pulmonary ve-ssels, and new 
arterioles which groiv into the wall of the vein graft. 

PHYSIOLOGY 

Physiologic studies in animals or patients upon whom arterialization of 
the coronary sinus has been performed are extremely few. Eckstein,so far, 
seems to be the chief investigator to consider this problem. 

In a series of dogs subjected to division of the left circumflex coronary 
artery before, and at varjnng periods of time subsequent to, performance of 
the first and second stages of the Beck operation, Eckstein was able to show 
dramatic changes in the amount and t.vpe of eoronaiy flow from the cut end 
of the distal segment. The average changes are illustrated in Chart 1.* 

To simplifj’" these findings, we may say that in the normal dog the blood flow 
from the cut end of the distal segment of the divided left circumflex coronary 
artery will average 2,5 c.c. of arterial blood per minute. This is presumably 
derived from the normal^ existing minute intercoronary anastomoses which 
bring blood from the remaining intact coronary trunks to the severed one. 
When a vein graft is anastomosed between the coronary sinus and the aoi'ta, 
and the sinus outlet is largely obstructed, this flow from the cut coronary 
artery rises to 20 or 30 c.c. per minute. But the blood is dark and essentially 
venous, indicating that it has passed through a capillary bed. Presumably 
it is derived from the arterial blood which has traversed the coronary sinus, 
its ramifications, and the capillaries by retrograde flow. 

With the passage of time this blood from the distal cut coronary end be¬ 
comes more and more arterial in nature until after twelve weeks it is fully 
saturated with oxygen. It is thought that this phenomenon is due to pro¬ 
gressive enlargement in the intereoronary communications until they are able 
to replace fully the interrupted normal coronary arterial How. Undoubtedly 
the development of such efficient collaterals would be slower and less reliable 
in human 2 iatients with ijresumably generally diminished flow in all major 
coronary arteries. 

*This chart is used throug'h the courtesy of Jt. IVckstein and D. Leig-hning-er of Cleveland, 
Ohio, (To be published.) 
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Having establislied what we believe to be a sonnd, theoretical, anatomic 
and phvsiologie basis ior arterialization of the coronary sinus, it now remains 
to show its surgical or technical feasibility and its clinical eftectiveness. 

H'e are indebted to Dr. Claude Beck who, having developed this surgical 
procedure almost singlehandedly, freely offered us not only the of his 

fifteen vears of animal experimentation, but also the advantages of his pei- 
sonal p'articipation and surgical skills. AVe ivere thus able to start a clinical 
prof'ram of surgerv for coronary artery disease at Hahnemann Hospital in 
Philadelphia, Pa., and at St. Michael’s Hospital at Newark, N. J. Eigid 
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requirements for the selection of patients for surgery were set up. As a re¬ 
sult of this selectivity we were able to show an operative mortality np to the 
present time of only two cases of the eighteen patients operated npon. This 
record clearly proves that patients with serious impairment of coronary flow 
can n-ithstand these operative procedures if the disease process is not too ad¬ 
vanced. The operation is not an intracardiae one but merely a meticulous 
anastomosis performed hetween a .systemic artery, the aorta, and the coronary 
smus. This does not cause any severe physiologic disturbance of cardiac fune 
tion even dnnng the actual performance of the siirgeiy. Therefore there is 
why the inherent operative mortality shoidd he high 

o. Hospital are Incaaed with the permission ot 
































152 


THE JOURNAL OF THORACIC SURGERY 


SELECTION OP PATIENTS 

Criteria for the selection of patients have been established. However, the 
present arbitrary standards undoubtedly will be modified by further clinical 
experience. 

Disability resulting from atherosclerotic disease of the coronary arteries 
varies. It is imperative that the operation be performed only for a degree of 
incapacity that warrants major surgical interference. At the same time the 
operation should not be considered where the disease is so advanced that 
benefit or survival cannot be reasonably expected. 

For this reason certain indications and contraindications as to operability 
have been used for the selection of patients. In the short medical history of 
coronary artery disease many facts have emerged as important prognostic 
guides. These have been utilized as the basis for further classifying the indi¬ 
cations and contraindications as either major or minor. 

Experience with the selection of cases for mitral commissurotomy has 
proved that clinical facts must be evaluated in the light of all attending cir¬ 
cumstances. Classification schemes for operability are too inelastic to be prac¬ 
tical. Few patients are entirely acceptable or unacceptable for surgery. 
Proper selection depends upon the critical appraisal of the indications and 
contraindications and an analysis of their respective importance in a par¬ 
ticular patient. 

Indications .—The basic requirement for surgery is major or progressive 
atherosclerotic disease of the coronaiy arteries. The diagnosis must be estab¬ 
lished beyond question and confirmed by definite abnormality in the electro¬ 
cardiogram. 

The functional impairment of the patient is the most important considera¬ 
tion. Anginal distress must be frequent and severe enough to interfere seri¬ 
ously with ordinary activity before it can be classified as major. Angina de¬ 
cubitus may be a particularly important indication. In all instances a reason¬ 
able trial with the usual medical routines should precede surgical treatment. 

The presence of a previous myocardial infarction lends significance to the 
effort syndrome and increases the advisability of surgeiy. Where a myo- 
cai-dial infarction has not taken place, the most reliable history of anginal 
pain must be supported by proper abnormality in the electrocardiogram be¬ 
fore it can be considered a major indication. Effort pain, however significant, 
without electrocardiographic abnormality does not establish the diagnosis of 
coronary artery disease beyond question, at least in relation to the surgical 
treatment. 

The uncertainty of coronary arteiy disease, with its implied threat of 
sudden death, cannot be considered alone as the primary reason for operation 
at tye present time. The basic requirement of disabling angina must be sup¬ 
ported by evidence of a previous myocardial infarction or definite electro¬ 
cardiographic abnormality before it becomes a major indication for surgery. 

At this time it appeal’s that patients who have electrocardiographic evi¬ 
dence of myocardial damage due to coronary artery disease, but who are not 
incapacitated, should not be considered as candidates for surgery even though 
they have had a previous myocardial infarction. 
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The significance oi symptomatic coronary artery insufficiency is altered 
considerahiv hv the age oi the patient. The presence oi the disease before 
tL a-e of 40 is a major indication for operatiom This probably holds ti;ue 
through the fourth decade. From that point, age ceases to become a major 
indication. Indeed, after 55 it acts as a deterrent. 

Xormal blood pressure and normal heart size increase the importance ot 
any major considerations for surgery. 

* The various abnormalities which may appear in the electrocardiogram 
cannot be risidlv classified according to their importance. Those changes 
which appeal constantly in the tracing probably represent more extensive 
pathology than those appearing after exercise. However, they may not repre¬ 
sent a more significant prognostic guide. 

Contraindications.—A recent myocardial infarction is a major contraindi¬ 
cation. The operation should not he performed until six months have elapsed. 
Care must be taken that a severe, easily initiated efi'ovt syndrome does not 
indicate a developing infarction. TVlien serial electrocardiograms show rap¬ 
idly progressive myocardial damage, the operation must he deferred until 
the pattern has become fixed for four to six months. This applies even though 
thez'e may have been no change in the patient's symptoms. 

Two myocardial infarctions within one year is a major contraindication. 
This probably holds time for all patients with multiple infarctions regardless 
of the time interval. 

Blood pressure values which remain above ISO nmi, Hg sy-stolic and 100 
mm. Hg diastolic are considered firm contraindications. Evanescent readings 
beyond these levels are of lesser significance at this time. 

Cardiac enlargement up to 10 per cent of predicted values is a minor 
deterrent. As the size increases thereafter this factor becomes of major im¬ 
portance. 

The presence of congestive heart failure is an absolute contraindication. 
This is equally tnie when gallop rhythm is present- Heart failure that has 
responded to medical treatment still remains a major contraindication. It 
Avonld appear that the degree of myocardial damage usually found in patients 
who have suffered congestive failure on the basis of coronary arteiy disease 
is too extensive to be aided by operative interference. However, undue 
cardiac enlargement, prohibitive hjTpertensiou, or mnltiple infarctions are 
more likely to be found in this group. 

Certain associated diseases may serve as minor contraindications. These 
would include emphysema, bronchiectasis, diabetes, and marked obesitr 
Renal failure obviously would gravely compromise the surgical risk 

For technical reasons a markedly calcified aorta must" be accepted as a 
uistmet contraindication. 

-At the present time any single major conti-aindication is sufficient reason 
iailm? "'ifinfarctions, congestive 

tension ZZZ 
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The ideal candidate offers no major or even minor contraindications. The 
acceptable candidate may offer one or two minor deterrents which are of 
limited significance vdien compared with the major indications that are 
present. 

Preoperativc Management .—Patients who have been selected with care 
for snrgeiy rarelj"^ present difficult pi'oblems in preoperative management. 

A careful history will reveal the circumstances under which anginal sei¬ 
zures occur. Every attempt should be made to avoid duplicating these situa¬ 
tions dui'ing hospitalization. Where necessary activity is restricted to a mini¬ 
mum, emotional tension is likewise reduced as much as possible. In this re¬ 
gard the period of laboratory and clinical investigation should be regulated 
according to the patient’s tolerance and not to an inviolate routine. Brief 
words of exjilanation often sustain a patient through the most trying type 
of study. 

Nitroglycerin is an invaluable dimg, and there is no contraindication to 
its use in the preoperative period. Oecasionall.v the so-called coronary vaso¬ 
dilators may aid in the contiml of frequent cardiac pain. Best and mild seda¬ 
tion, however, appear to be the most effective measures before surgery. 

Major ari-hythmias are unusual in this group of patients. Premature 
ventricular systoles and the implied threat of ventricular fibrillation are best 
controlled by oral quinidine or Pronestyl Hydi’ochloride. These drugs are dis¬ 
continued at least twenty-four hours before surgery since they may potentiate 
the effect of the intravenous procaine which is used routinely during the 
operative procedure. 

There is no imrpose in digitalization prior to surgery. Indeed, the drug 
may be harmful in initiating troublesome arrhythmias or conduction defects. 
Where this drug lias been given in the past it should be discontinued unless 
a pressing indication for its use is still present. 

Postoperative Management. —The major cardiac sequellae which develop 
after the first stage procedure are a persistent sinus tachycai’dia, premature 
atrial contractions, or atrial fibrillation. The sinus tachycardia requires no 
specific therapy. It does not respond to digitalis and usualty subsides on the 
fourth or fifth ijostopei’ative day. Frequent premature atrial contractions 
usually precede atrial fibrillation. The latter, however, has occurred with no 
previous indication of atrial iiTitability. When the ventzdcular response to 
atrial fibi’illation is uncommonly rapid, and the integrity of the circulation 
threatened, or when congestive failure actually develops, digitalis or any of 
the related comijounds may be given. If failure is not present, however, the 
drug should be withheld if possible. The rhythm will revert spontaneously 
diu’ing the first week. Occasionally quinidine has been given under these cir¬ 
cumstances but the effect is questionable. One patient (A. D.) continued to 
show evidence of atrial irritability for two iveeks after both the fii'st and 
second stages even though full doses of quinidine were given. 

Oxygen is a routine medication for the fii’st twenty-four hours. It is 
rarely required for a longer period of time. The patient is encouraged to 
cough from the start. Betained seci-etions are promptly treated with aspira- 
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tion, Bronclioscopr. or tracheotomy as indicated. The patients aie led a .oit 
diet ivithin tv.-entv-ionr hours and are encouraged to teed themselves as soon 
as is feasible thereafter. This applies to either stage of the operation. 

Attention to bo-wel function is usually deferred until the third day ivhen 

a vrarm saUne enema may he given if necessary. 

Ambulation depends upon the febrile reaction, cardiac rate, and the 
general condition ox the patient. Generally it is not attempted until the 
seventh to tenth postoperative day. Frequent leg movements in bed can al¬ 
leviate the discomfort and inherent danger of too early activity in the cardiac 
patient, men talking is finally permitted, it is regulated to the patients 


tolerance and not to a set routine. 

Antibiotics are routinely used. Penicillin and terraniycin have been fa¬ 
vored. There is. hovrever, no need for anticoagulant therapy. Patency of the 
graft apparently depends upon technical factors and not upon the incoagu¬ 
lability of the blood. The routine use of aminophyllin liy vein may have a 
beneficial effect upon the coronary cirenlation without greatly increasing 
cardiac output or the danger of ariytlimia. 

Immediately after the first stage operation a to-and-fro bruit may be 
heard at the second left interspace anteriorly or high in the hiterseapnlar area 
to the left of the spine. Even though the graft remains patent, this murmur 
may become considerably dimiiushed on the third or fourth day. It then 
generally reappeal's and remains constant. Tilting the patient to the right 
at times increases the intensity of the sound. It is generally best heard after 
a full expiration. Xo other murmni' develops as the result of the surgery. 

The postoperative period is usually well tolerated. Patients have shoivn 
no reluctance to enter the second stage after successfully withstanding the 
discomfoi-ts of the first. 


XECHXIQUE 


First Stage .—The original Beck technique as applied to human beings is 
as follows: A segment of a large superficial vein, preferably without valves, 
is removed under local anesthesia. Either the median basilic vein of the arm 
or the external jugular vein is usually chosen. If a valve-tearing seement 
cannot be avoided, the vessel must be marked so that the proposed fiW of 
blood will be in the direction of the valve. All branches to the vein must be 
carefuUy ligated, and any excess adventitia or perivascular tissue is carefully 
dissected away. The segment is irrigated with hepaiiu solution and placed 
between pads of moist gauze until needed. 


Preanesthetic preparation,® medication, and anesthesiolosic care are di¬ 
rected toward (1) decreasing the ii-ritahUity of the heart and ('•>) lessening 
any laetors such as nausea, coughing, or strainine that mav be present hist 
beiore or diu-mg operation or in the immediate postoperative period. 

Prela^ary medication is aimed toward having the patient rested, and 
the memhohe rate as nearly normal as possible without depression Pen-o 
l^al sodium (Xembutal), 0.10 to 0.2 Gm. (It, to 3 gr.l, or seco-bLitel 

t>.v Dr. Kenneth Keo^ ol the De- 
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(Seconal Sodium) in tJie same dosage is prescribed the niglit before operation. 
From an hour to an hour and one-half before anesthesia, 0.1 Gm. of pento¬ 
barbital sodium (1% gr.) is given b.y mouth, and meperidine hydrochloride 
(Demerol) 75 to 100 mg., with atropine sulfate, 0.60 mg. (%oo &i’-) ‘ii’® given 
intramuscularly. Shortly after administration of these drugs, a vein in the 
forearm or wrist of the right arm is cannulated under infiltration anesthesia. 

After the patient is brought to the operating room, absolute quiet is es¬ 
sential. The equipment for making electrocardiographic tracings and deter¬ 
minations of blood pressure is applied after the patient has been placed in a 
supine position on the operating room table. 

Ten minutes before induction of anesthesia, a solution of 0.2 per cent 
procaine in 5 per cent dextrose and distilled water is administered intra- 
venousl 3 ’' in the operating room. From 200 to 300 mg. of procaine is given 
before tracheal intubation is carried out. 

Thiopental sodium (Pentothal Sodium) is then given intravenousl.v in 
dosages sufficient to produce hj^mosis (150 to 200 mg.), followed immediately 
by the intravenous injection of decamethonium bromide (Syncurine), 3 to 4 
mg., and then 150 to 200 mg. more of thiopental sodium (Pentothal Sodium). 
By this time approximatelj' 350 mg. or more of procaine has been given. 
A Magill endotracheal catheter with cuff is passed under direct vision by the 
oral route. A mixture of 50 per cent nitrous oxide and 50 per cent oxygen is 
administered from the time the patient loses consciousness. 

During all steps apnea is avoided with its ensuing, although temporary, 
hypoxia. Respiratory function is augmented or controlled to insure adequate 
pulmonary ventilation with both adequate oxygen delivery and carbon di¬ 
oxide elimination. The Beck-Band respii-ator is most useful in these cases. 
Administration of nitrous oxide and oxygen in this concentration is continued 
throughout the course of anesthesia. 

Procaine is continued at the same concentration of 0.2 per cent, with a 
basic flow of 1 Gm. per hour. Thiopental sodium is added as required for 
basal hypnosis. We believe analgesia is afforded by intravenous procaine. 

At the completion of the anastomosis, the rate of flow of procaine is de¬ 
creased. Usually thiopental sodium need not be added after the approxima¬ 
tion of the chest wall has been started. We attempt to have these patients 
awake, moving, and responsive at the completion of surgery. 

The usual curved posterolateral thoracotomj’^ incision is placed over the 
left seventh interspace, being extended as far anteidorlj^ as the midelavicular 
line. Bleeding points are ligated with fine silk. The seventh rib may be re¬ 
moved subperiosfeally if added exposure is desired. Large fixed retractors 
are used to obtain exposure. The lung, if adherent, is detached from the chest 
wall, diaphragm, and mediastinum by blunt and sharp dissection, and the 
inferior pulmonary ligament is sectioned up to the inferior pulmonary vein. 
The lung is thereafter kept retracted upwai-d bj" large warm gauze pads with 
or without the use of hand-held retractors. The diaphragm, if high or tending 
to move, is held down by gauze-covered, hand-held retractors. 



ZT A,..: .FA,TO«.«.ON- OF COFOXAFF CFCUFAT.OS 1- 

The iicrieniilimi is opened fioin a 'emended from 

to the middle of aeienni’iiation of the inferior vena 

:!f;'’1t’LSrm:.tVfi,:pred for evidences of previoim i.dare.ion at^ 
cava, ine ner examined for sclerotic changes. All cnt pen 

the major coronarv arteiies aie examinea matures at 2 cm. inter- 

cardial edges are supported by application of tiaction sntnies 

vals (Fig. o). 



Fiff. 5. ^E'- B. 

Fig. 5.—^Exposure of tbe coronary sinus through the open pericardium. 

Pig. 6.—.-Xhe Orton sutures are shown encircling the coronary sinus, ready for subsequent 
sinus ligation at the second stage. 


The coronary sinus is identified and is traced to its termimis into the 
right atrium. It is partially dissected free from the epicardial fat in 'n'hieh 
it is somewhat imbedded, just above the point of termination. Traction su¬ 
tures applied in the anterior lip of this epicardial fat may render the subse¬ 
quent maneuvers easier. A curved half circle, one-inch needle is now threaded 
with a heai-y plastic (Orion) suture. The needle is passed completely around 
the sinus about 1 cm. from its terminus. Great care is taken that the 
needle does not puncture the sinus. The appearance of dark (nnoxygenated) 
blood through the needle wounds is indicative of such puncturing, and re¬ 
quires that the suture he removed and the needle repassed. Actual passage 
of the needle through or aroniid some of the nuiscle fibers of the atrial wallls 
acceptable. 

This double suture is to he tied down at the second operative stao-g to 
obstruct partially (largely) the exitns of blood from the coronaiy sinus'into 
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the right atrium. This step will ultimately insure the reversal of flow through 
the coronary sinus and its ramifications. 

The needle is removed, and the ends of the sutures are matched up and 
tied together for subsequent ease of identification. They are then rolled upon 
a fine pair of hemostats, and a 00000 (arterial) black silk suture is passed 
through and around the tiny coil to maintain this compact and untangled 
state. The coil is then sutured out of the way under the heart and within 
the pericardium for easj’- accessibilitj’’ and identification at the second oper¬ 
ative stage, at which time reactive processes and adhesions will have largely 
obliterated identifying landmarks (Fig. 6). 

A suitable site in the length of the coronary sinus is now selected for the 
anastomosis. This may be at any convenient point proximal to the previously 
applied Orion suture. The apparent caliber of the sinus, its prominence and 
ease of mobilization, and its proximity to the thoracic aorta are all considered 
in the selection of the anastomotic site. Again the adjacent or imbedding fat 
is partially dissected awa}^ on either side of the sinus. Traction sutures may be 
used in the inferior (anterior) lip of fat. 

Having partially mobilized the sinus in this region, two 00000 arterial 
silk sutures swedged upon atraumatic curved needles are passed longitudinally 
into the most prominent aspect of the sinus wall, taking bites about 3 mm, 
long, parallel to, and about 3 mm. apart from each other. Bleeding should 
be free from each needle puncture, indicating that the lumen of the sinus has 
been fully penetrated. If such bleeding is absent, the suture should be re¬ 
moved and replaced to prevent subsequent separation of the intima since this 
will cause difficulty in entering the sinus for performance of the anastomosis. 
Slight traction upon the stay sutures facilitates inclusion of a satisfactory 
amount of sinus wall for exteriorization within the jaws of the special curved 
sinus clamp (Fig. 7). 

A No. 11 Bard-Parker bistoury-type scalpel blade (on an appropriate 
handle) is now used to make a longitudinal puncture opening in the excluded 
portion of the sinus midway between the two stay sutures (Pig. 8). This 
opening is extended in length for a distance of 6 or 8 mm. using a pair of angu- 
lated iris scissors. The size of the opening depends upon the size of the graft 
available for the anastomosis. The sinus lumen is then flushed witli heparin 
solution. 

A thirty-six-inch 00000 arterial silk suture with an atraumatic curved 
needle at each end is used to attach the end of the graft to the inferior 
(caudal) extremity of the incision in the sinus (Fig. 9). The suture is tied so 
that both ends are of equal length. One end is temporarily placed out of the 
operator's Avay while the other end is used to perform the anastomosis of the 
inferior (anterior) lip of the incision. This is accomplished by a continuous 
running, suture technique, the needle at each bite passing from the adventitial 
side of the graft, about 114 mm. from the free edge, into the graft lumen, then 
from within the sinus through its wall and out the adventitial side. An at¬ 
tempt is made to place the sutures 1% mm. apart in the graft. When the 
suture line reaches the longitudinal stay suture, the latter is removed. After 
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Fig. 7. 


Fig. S. 


Fig. 7.—^The site for anastomosis in the coronary' sinus is tented by stay sutures, and a 
segment of the sinus is exteriorized by the clamp. 

Fig. 8.—This sho^s the incision in the exteriorized segment of the coronary sinus. 


for leaks and may be repaired by applying individual interrupted stitches if 
necessary. The graft is finally flushed ivith saline and heparin solution and 
is clamped off by an old-type rubber-covered bulldog clamp -with a rather 
weak spring (Fig. 10). 

Preparation is now made to anastomose the other end of the graft to the 
aorta. The graft is shortened to a length which is felt to be just adequate for 
a good anastomosis at approximately right angles to both the aorta and the 
sinus. Ail excess mediastinal fat and lymph nodes lymg in the wav of the 
graft are removed to avoid possible pressure upon and adhesions to the graft. 
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The selected site upon the aortic wall is mobiiized. Two mosquito hemo- 
stats are applied to the aortic adventitia about 1 cm. apart, one cephalad and 
one eaudad. As traction is made upon them, a special Beck toothed clamp 
is applied to the aortic wall. This clamp is designed to exclude a sizable por¬ 
tion of the aortic lumen while permitting blood flow beneath it. An attempt 
is made to exclude 1 cm. of the aortic circumference from the residual aortic lu¬ 
men (Pig. 11). The mosquito hemostats are then removed and a portion of the 
adventitia is dissected and cut free from the site of the intended anastomosis. 



Pig’. 9.—The beginning of anastomosis between the vein graft and the coronary sinus. 
Pig. 10.—The vein graft is anastomosed to the coronary sinus, and the distal end is 
occluded by the small bulldog clamp. 


Using a No. 11 Bard-Parker knife blade and handle, a 4 to 6 mm. longi¬ 
tudinal incision is made into tlie excluded portion of the aortic lumen (Pig. 12). 
Then using an identical teclinique, the free end of tlie vein graft is carefully 
anastomosed to the aortic incision. When it is completed, the bulldog clamp 
is removed from the graft and tlie suture line is examined for leaks. They 
may be controlled by individual arterial sutures, if necessaiy (Pig. 13). 

The aortic clamp is gradually released and the suture line is again in¬ 
spected. Arterial leaks may require only temporary gauze pressure for con¬ 
trol or may require additional stitches. Sometimes the aortic clamp must be 
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black arterial silk. The two Orion sutures are separated and are then sepa¬ 
rately tied down over a 3 mm. proble which is laid on the coronary sinus. 
After tightly tying the suture, the sound is drawn out, thus providing a 3 mm. 
passageway through Avhich the sinus blood can partly escape into the right 
atrium. This is repeated with the second Orion suture (Fig. 14). The chest 
wound is then closed in the usual manner using a water-seal drainage system. 
This second stage operation is relatively short. 



Fig. 13. Pig. 14. 

Fig*. 13.—Completion of the aortic anastomosis and loosening: of the aortic clamp for 
managrement of any possible leaks at the suture line which might be present. 

Fig:. 14.—Completed second stage, showing the partial occlusion of the coronary sinus by 
means of the encircling Orion sutures. 

TECHNICAL MODIFICATIONS 

For theoretical and practical reasons (such as the incidence of thrombo¬ 
sis of the graft) we have recently suggested and carried out certain technical 
modifications of this operation. These have in no respect changed the under¬ 
lying basic principles. 

One of these has been an attempt to use the splenic arteiy rather than 
the aorta and a vein graft as the source of arterial blood. While tliis is 
technically possible in approximately 75 per cent of patients, it is unsatisfactory 
in about one-third of these because the terminal lumen of the splenic aiteiy 
is too small. Thus onlj^ about one-half of all patients can expect a good 
arterialization of the coronary sinus by this means. Such an anastomosis 
was attempted in two of the present series. In one of them it proved to be 
impractical because of the small terminal size of the vessel. 
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Fig. 15.—Preparation of the exteriorized segment of tiie aorta by means of resection of a 
“button’' of aortic wall, rather than a linear incision. 


arteriosclerotic aorta ivlio is the usual candidate for arterialization of the 
coronary sinus. Such reduced or actually occluded floiv in the graft ivould 
almost certainh' lead to subsequent thrombosis. In tivo subsequent eases a 
button of aortic ivall ivas removed. An uuthrombosed graft "was the result 
in each. L'se of a free segment of the left subclavian arten-, ea.sily available 
at surgery, seems to provide a supeiior gi-aft. 

Another technical modification -which -we have carried out in one patient 
is the use of a continuous everting mattress suture for the aortic anastomosis 
llhile both the vein graft and the coronary sinus have au inherent tendency 
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to evei'siou of the cut edge, thus rendering a simple continuous suture line 
very satisfactory for the anastomosis of vein to sinus, the cut aortic edge has 
no such tendency. Indeed, the aortic wall tends to separate into layers with 
the intima detached from the media. It is our feeling that an everting mat¬ 
tress suture would actually partially apply the vein graft into the aortic 
opening to seal off any such irregularities. 

Finan 3 ', we have discontinued the practice of removing the adventitia 
from the aorta, since this provides a much stronger tissue for the insertion 
and holding of sutures. In an arteriosclerotic, perhaps excessivel 3 ^ friable 
aorta, the considerable strength of file adventitia would seem well worth pre¬ 
serving. The old theoiy that retention of vascular adventitia predisposes to 
thrombosis of a vascular suture line was thoroughl 3 ' disproved in a com¬ 
parative experimental stud 3 ’^ 113 ' Jamison and Dugan.’® 

We feel that these modified technical details have been responsible for 
the somewhat improved results obtained with respect to the patenc.v of the 
graft as observed at the second stage of the operation. 

Recent discussion with Beck’® regarding these technical modifications, 
particularl 3 ' that of resection of a button of the aortic wall prior to per¬ 
formance of the anastomosis, has led to this wholehearted concurrence. In 
fact, he had early in his experience removed an aortic button in a human be¬ 
ing, For some reason that technique was then abandoned, but will probably 
now be revived. 

This report is based upon eighteen patients operated upon at the Hahne¬ 
mann Hospital of Philadelphia and at the St. Michael’s Hospital of hJewark, 
N. J. The ma.iority of these patients were operated upon by Dr. Claude Beck 
himself, and only the more recent of them have been independently operated 
upon by one of us (C. P. B.). We are endeavoring in this presentation to 
anal 3 "ze the results obtained in this operative series and to indicate the various 
problems and pitfalls encountered. 

Two patients in this series did not actuall 3 ^ have an anastomosis per¬ 
formed. In one patient (W. C.) the coronaiy sinus was so delicate that it 
would not hold a suture for anastomosis, and ivas finalB"' closed with diffi¬ 
culty. In the other patient (S. S.) the coronaiy sinus was found to lie too far 
to the right of the aorta, making ana.stomosis technically impossible. 

There were two deaths in this series, a mortalit 3 ' of 11.1 per cent. One of 
these was due to sudden exsanguinating hemorrhage at the site of the aortic 
anastomosis on the seventh postopez’ative day. The aortic wall had seemed 
abnormal in this ease at the time of surger 3 % and anticoagulant therapy 
(Dicumarol) had therefore been instituted and carried out during the entire 
postoperative period. Whether the abnormal aortic wall (site of an arterio¬ 
sclerotic ulcer as seen at autops 3 ') or the anticoagulant therapy had been 
responsible for the secondary hemorrhage is debatable. This is the onB’- pa¬ 
tient in the entire series treated with anticoagulants. The graft was patent. 

The other death occurred a feiv hours after surger 3 ', apparently due to 
cardiac or circulatory depression. This patient had had two infarctions prior 
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to sm-gery, and presented a definitely enlarged heart. Today, we wonld ex¬ 
clude such a candidate from operative consideration. 

One patient S.) developed a pleural empyema after the first operative 
stage. Adequate drainage resulted in re-expansion of the lungs and complete 
obliteration of the pleural space. However, a second stage operation was not 
pei'formed since this patient I'efused suigeiy. 

In two patients (A. D. and N. R.) thrombosis of the anastomosis was dis¬ 
closed at the time of the second operation. In one of these the splenic artery 
had been anastomosed to the sinus. This was treated by immediate applica¬ 
tion of a vein graft between the aorta and the coronary sinus. The other was 
treated by opening the graft and removing the clot. The Orion sutures were 
then tied down in each case. No subsequent stages were ever performed. Both 
patients have manifested slight subjective improvement. 

Of the remaining eleven patients, four were found at the second stage to 
have thrombosed grafts. They were treated by instillation of asbestos powder 
into the pericardium. One is slightly improved, two are unchanged, and one 
died six months after surgery of progressive disease. 

The seven with patent grafts who had both operative stages have pre¬ 
sented consistent evidences of improvement varying from what would seem to 
be “clinical cure” to moderate amelioration of symptoms. 

It was otu' intention to present objective evidences of clinical improve¬ 
ment in this presentation. 

Unfortimately, we find that this is a rather difficult undertaking. In the 
first place, the follow-up is very short for such a variable disease as coronary 
atherosclerosis. Our oldest patient is now only fifteen months postoperative. 

Second, the only valid objective study method which we have employed 
throughout the entire series is seidal electrocardiograiihy. Unfortunately, 
ballistoeardiography was not employed in the early cases. It is being applied 
in our later cases and will be extensively used in the future. 


ECG .—The postoperative electrocardiographic changes observed thus far 
in human beings appear to resemble those seen in the experimental an¬ 
imals. These changes consist mainly of negative T waves in either the stand¬ 
ard or unipolar leads. The full implication of these changes is not entirely 
undei-stoocl. The period of observation has been too short to ascertain the 
degree and rate of return of these changes and their relation to the clinical 
state. 


Consideration of the usual cardiologic methods of evaluating progress 
111 patients with coronary artery disease reveals that thev are all basicallv 
subjective. ‘ • 


Thus angmal paui, its severity, and its frequency is essentiaUy subjective 
Shortness of breath is also subjective ruiless it is associated ^Jth evanosis' 

bronchospasm, or pulmonary edema. None of our patients presented anv of 
these last clinical features. >> Piesented any of 

Similarly the so-called objective tests of vnrV ^ 

.-...a 
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walking, and working) are strictly limited by the former two features: an¬ 
gina and dyspnea, which halt continued activity. 

Obviously radiography offered us nothing since the patients in this series 
did not have much myocardial enlargement and presented no pulmonary 
congestion, even preoperatively. 

Since we excluded cases with congestive failure, we could not measure 
any diminution of liver engorgement nor of dependent edema. 

Thus our evaluation Avas limited to essentially subjective evidences of im- 
proAmment. By these criteria, all seven Avere considerably improved. Anginal 
pain Avas completely abolished in the six Avho had previously presented it. 
No nitrogljmerin has been used by any of the patients postoperatively. 
Dyspnea Avas markedly reduced. Work tolerance Avas so increased that all 
haAm been able to return to their former occupations except one, a physician 
Avho is less than three Aveeks postoperative. Stair climbing ability has in¬ 
creased in each case. 

AJl express a great sense of Avell-being Avith improvement in appetite and 
general outlook. Perhaps part of this euphoria is due to a sense of confidence 
that potential future coronary arterial, occlusion Avill not produce myocardial 
infarction. 

Our earliest case Avas a patient (J. 0.) Avho had suffered three distinct 
myocardial infarctions. He has been converted from a cardiac invalid, who 
took 100 nitrogB'ceriii tablets per AA'eek and -was unable to AA’alk fifty feet 
without pain, to a robust man Avho can AAuth ease run at top speed completely 
around a city block. 

Such important subjective evidence of improAmment leads us to feel that 
a great fuetional change has taken place in each individual’s cardiac action. 
More absolute indications must aAvait other studies and the passage of much 
more time. 

SUMJIARY AND CONCLUSIONS 

1. The concept that arterial blood can be delivered to the myocardial 
capillary bed by rcAmrsing the flow through the coronary sinus and its rami- 
flcations has been presented. Further anatomic and physiologic research is 
still necessary. Such studies are now under Avay (by some of us’®). 

2. These techniques shoAV that the Amsenlarity of the left A-entricle and 
ventricular septum is much greater than that of the right Amntriele, and that 
the venous system is far more abundant and extenstye than the arterial. 

3. After the Beck operation anastomotic communications betAveen the 
epicardial veins of the left heart (ramifications of the coronary sinus) and 
the small cardiac and anterior cardiac veins of the right A'^entricle become 
markedly dilated. This suggests that they may offer an additional safety mech¬ 
anism to permit escape of any excess blood entering the heart through the graft. 
Such collateral Amins suggest the possibility of also improving the circulation 
of the right ventricle by the arterialization of the graft. 

4. Existing physiologic information (Eckstein) bears out the probability 
of immediate reversal of floAV through the superficial cardiac venous drainage 
after the second stage of the Beck procedure. 
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5. Bott anatomic and physiologic evidence hears out the assumption 
that arterialization of the sinus in time brings about a progressive and great 
dilatation of the normally minute existing intercoronary conrmumcations. 
Bxtracardiac anastomoses between the coronary vessels and adDacent struc- 
tees also become established and functioning. The relative amount of flow 
through these channels is still unknown. 

6. The original Beck anastomotic technique is presented. Certain modi¬ 
fications have been suggested to lessen the incidence of technical failures. 
Chief among these is the removal of a button of aortic wall to produce a per¬ 
sistent rapid flow of blood through the graft and sinus. It is believed that 
thrombosis of the graft will, in the future, be a rarity because of this modifica¬ 
tion. 

T. Criteria for the selection of suitable subjects for the procedure are sug¬ 
gested. Surgical surmval figures in our experience indicate that such patients 
can easily tolerate the operation. 

8. Objective evaluation of progress in eases of coronary disease under any 
form of treatment, medical or surgical, is both difficult and rare. The great¬ 
est clinicians manage these patients essentially with purely subjective guid¬ 
ance except for the information supplied by the electrocardiograph. Perhaps 
the ballistoeardiograph or some other study mechanism may in the future 
offer us truly objective criteria. 

9. The electrocardiogram is so changed by the reversal of blood flow 
through the coronary sinus in both dogs and human beings that it is valueless 
hr measuring improvement or regression in these cases, 

10. The theoretical advantages and the subjective improvement in pa¬ 
tients who successfully undergo both stages of a Beck procedure are so great 
that we are encouraged to continue this operative program until time and im¬ 
proved methods of measurement ultimately establish its value. 
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DISCUSSION 

DB. CLAUDE S. BECK, Cleveland.—I should like to express my appreciation to 
Dr. Bailey and his group for the work they have done in this development. This opera¬ 
tion has required assistance and I hope the work will receive the support of a good many 
of the surgeons in the audience. 

I think I can say positively that the operation protects the heart against occlusion 
of a major coronary artery. It reduces the incidence of ventricular fibrillation after a 
major artery has been ligated, and it reduces the infarction or the destruction in the myo¬ 
cardium after the artery has been ligated. These, I believe, are statements of fact. VY^e 
would like to know how to explain this benefit, and during the past year Dr. Eckstein 
and Dr. Leighninger have been doing experiments to show the mechanism by which this 
new circulation is beneficial to the heart. This physiologic study is difficult to carry out. 
They have been working on the study for one year, and it u’ill require another year of 
full-time work to complete it. 

Several conclusions can bo drawn from the work so far. It has been shown first by 
Hahn in a few e.xperiments, and during the past year by Eckstein and Leighninger and 
others working with them, that arterial retrograde flow from aorta, through graft and 
through capillary bed does occur. This blood does give up its oxygen. If the circumflex 
artery is ligated and then cut distal to the ligature, the blood comes out of the cut artery 
as venous blood. In order to give up its oxygen this blood from the graft must have gone 
through the capillary bed. Perhaps I should explain the type of experiment that was 
done. The graft of vein was placed between sinus and aorta. Three weeks later the sinus 
was partiall}' ligated at its ostium in the right ventricle so that all the blood would not 
escape as in an arteriovenous fistula. At variable intervals thereafter the circumflex 
artery was dissected out, ligated at its origin, and cut distal to the ligature. The distal 
end was cannulated. Studies in back flow from the cut artery were made with the graft 
open and with the graft closed. I can only refer to these studies in general terms. 

One, it has been shown that back flow through the capillary bed does occur. In the dog 
with normal coronary arteries it would appear that the quantity of such capillary back 
flow reaches a peak in several weeks and then tapers off and stops entirely. Whether this 
occurs in the human patient with coronary artery inflow disease we do not know. Two, 
it has been shown that the graft stimulates the development of intercoronary arterial 
anastomoses. Why it does this we do not know. In the normal dog’s heart the amount 
of intercoronary back flow is about 2 to 4 c.c. per minute. That is, if the circumflex is 
ligated and cut the amount that escapes from the cut artery is only a few cubic centi¬ 
meters and it comes from the descending coronary artery. It is red blood and it has not 
gone through the capillary bed. As time goes by and as actual retrograde flow from 
graft through capillary bed decreases, the intercoronary flow increases so that the retro- 
o-rade flow may be as high as 22 c.c. per minute at the end of six months. 

The third point that these experiments by Eckstein have shown is the importance 
of a few cubic centimeters of oxygenated blood to ischemic myocardium. As small an 
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as 5 c.c. per minute delivered to the muscle mass supplied by the circumflex artery, 
and this probablv is half of the left ventricle, can prevent flbrillatmn and death. The 
importance of this does not seem to be generally realized. A fourth point is beginning 
to appear. They have done experiments in vrhicU the back flp- from the sei ered a 
ivas small and it ivas the same nith the graft open or with the graft closed off. At the 
same time the electrocardiogram approached normal with the graft open and became ab 
normal with the graft closed off. Perhaps o.xygen transfer can take place nithout the 
blood making a complete transit through the capillary bed and out the artery. The vas¬ 
cular bed on the venous side of the capillaries is extremely rich. Perhaps there is some 
ebb and flow here that can be beneficial without going through the capillaries. 

It is fortunate that these studies are being made on the dog, and it is fortunate that 
we have as good a physiologist as Dr. Eckstein and as good a cardiac surgeon as Dr. Leigh- 
ninger to do this work.* 

There are no similar studies for the human heart. Severe coronary artery disease in 
the human heart produces circulatory conditions that cannot be duplicated in the dog 


heart. In the human heart with extensive and marked arterial occlusion one would expect 
the inflow to be greatly reduced and the capillary pressure to be greatly reduced. If 
these conditions exist then one would expect blood to flow backward more freely than in the 
normal heart. I have observed pinkening of vein and myocardium in the human heart 
with coronary disease after the graft has been placed and this pinkening has been marked. 

So far I have performed this operation on sixty-two patients. The record is not en¬ 
tirely satisfactory. The one good feature about the record is that the operation is bene¬ 
ficial to patients with coronary artery disea.se. It is difficult to evaluate the status of 
coronary artery disease before and after operation. It is also difficult to make measure¬ 
ments of benefit on patients. How do we know whether the benefit that follows operation 
is due to the operation or would have occurred without the operation? This problem 
exists. I think I have seen enough good results to say that the operation is beneficial to 
patients with coronary artery disease. The mortality following operation depends upon 
the severity of the disease. The first twelve patients operated upon were totally or almost 
totally incapacitated. Eight of these patients died. Then we took a better type of pa¬ 
tient and there was one death among 19 patients. Excluding the first twelve cases the 
mortality is 26 per cent. I think we could reduce mortality to about 10 per cent if we 
selected patients more carefully. However, it is the disease rather than the operation 
that contributes to mortality. Some of our patients died before the operation was done. 
In some of the patients the graft became thrombosed. In some the aorta was severely 
diseased so that the graft was not placed. I think we might be able to overcome the 
problem of thrombosis by cutting out a small piece of aorta as Dr. Bailey suggested. H'e 
used to do this in our early work but gave it up because it was not necessarv on dogs and 
often the opening into the aorta became too large. 

In conclusion, I should like to suggest that some of you surgeons become interested 
in this development. After some preliminary training on dogs the operation can be done 
satisfactorily on patients. The experimental work shows that the operation is beneficial 
However, the final answer will come from the patients and will be decided upon through 
results as follows: (l) relief of pain, (2) ability to work, and (3) duration of life after 
operation. Po far no patient who left the hospital with a patent graft has died 


VINEBEKG, Alontreal.-I would like to take this opportunitv to con¬ 
gratulate Dr. Bailey on Ins excellent presentation. I feel that the Beck method of re- 

orehoT'^TlT^ even become the procedure 

drsn , disadvantages and, for that reason. I should like to 

■ 0 >our attention another method of revascularization of the mvocardium which T 

hare presented before this Association on two separate occasions. ' ^ t I 

The method I refer to is internal mammarv arterv imnlaTit -n 

^ernal mammary artery is detached from the chest ^vall and placed n-iThinaWeri tte 

Tins uork is supported by a grant from the United States Public Health Serx-ice. 
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ventricular myocardium. We have shown in the past that this artery forms new branches 
which join with the left coronar}- circulation. 

(Slide.) This shows an implanted internal mammary artery injected a few months 
after its implantation into the left ventricular myocardium. The injection mass was a 
rubber compound resisting acid digestion. The injection mass entered the internal mam¬ 
mary artery, was seen to spread through the anterior descending arteries of the left coro¬ 
nary, and come out of the anterior descending artery. A piece of polyethylene tubing was 
tied around the origin of the anterior descending branch left coronary and the whole speci¬ 
men digested. The cast shown in this slide shows quite clearly an intimate junction be¬ 
tween new branches of the internal mammarj- arterj- and branches of the anterior descend¬ 
ing branch of the left coronarj- artery. 

In all our injection specimens, the injection mass has entered the internal mammary 
artery and come out of a cannula placed in the left coronary- artery, leaving little doubt 
that there is a true mammary coronary- anastomosis. 

(Slide.) It has been suggested by some that the anastomosis is superficial; this slide 
and the subsequent slide show- the injection mass distributed through the entire left ven¬ 
tricular my-ocardium and from the inner to the outer surfaces of the heart. 

It has also been suggested by some workers that the branches that are formed by the 
internal mammary- artery are not truly- arterial in character, but are capillaries which tend 
to disappear in a few weeks. This slide shows that the anastomosis is present up to fifty- 
eight weeks. 

(Slide.) This slide shows an infernal mammary- artery- which has been in the heart 
of a dog for over ninety- days and represents a study- made by the serial section of the 
anastomosed vessels with special stains for elastic tissue and muscle; note the elastic and 
muscle elements in one of the newly- formed branches of the implanted internal mammary 
arteries. Serial section of seven different anastomoses has been thus studied with similar 
results. 

Anatomic proof of a mammary- coronary- anastomosis is insufficient; for this reason 
functional experiments have been conducted to ascertain the value of the anastomosis. 
The first of these was that of surviv-al studies following that of ligation of the left coro¬ 
nary- artery. 

(Slide.) A comparison is made between some of the figures after arterialization of 
the coronary- sinus (Beck) and after internal mammary artery- implant. It will be noted 
that from Beck’s figures in the control series, there was a 70 per cent mortality- rate with 
a 30 per cent survival with infarction. Whereas, after arterialization of the coronary- 
sinus, there was a 10 per cent mortality and a 45 per cent survival with infarction and 
only- 45 per cent survival without infarction. 

In our ow-n series, our control figures are appro.ximately the same as those of Beck, 
namely-, SO per cent mortality and 20 per cent survival with infarction after internal 
descending branch ligation. Whereas in twenty'-ninc animals w-here there was a good 
niammary--coronary- anastomosis, there were no deaths and all animals survived without 
infarction. 

Others have published a much low-er mortality- rate for anterior descending branch 
ligation. The discrepancy between these figures and those obtained by Beck and our¬ 
selves I believe can be explained. The mortality rate is dependent on the number of 
branches tied, therefore it is necessary to be certain that the ligature placed around the 
anterior descending branch of the left coronary artery- is located at its origin. 

At autopsy, a careful search must be made for other branches arising from the left 
coronary- artery itself which have not been included in the ligature and which could main¬ 
tain life. A second experiment indicating the value of mammary-coronary- anastomosis 
is shown on the follow-ing slides: 

(Slide.) This animal survived an anterior descending branch ligation and six w-eeks 
later the internal mammary artery was tied off; the dog died forty-eight hours later with 
a large anterior wall infarct, indicating pretty- clearly that the blood supply to this ven¬ 
tricle was largely supplied by the implanted internal mammary artery. 
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I am simplf recaUing this proceaure to your 


attention. YTe have novr operated on. 


<=eren patients; there have been trvo deaths; ihree of the surviving patients are free of 
pain and are working; a fourth has been done recently. There has been one failure to date. 

DB. HABEISON BLACK, Boston.—There are a feu- comments 1 ivould like to make 
on this paper. One point that should be home in mind in the evaluation of any procedure 
for coronarv insufdciencv is that pain, although the most dramatic, is yet a poor criterion 
bv ivhich to judge the success of the operation, hlany diSerent events in our espenence 
have resulted in the relief of angina urithout detectable prolongation of life. Among these 
arc a dorsal sympathectomy, scarification of the epicardium, a myocardial infarction, or a 
period of shock. Bor this reason I believe vre will have a better answer if we judge the 
various methods on the basis of survival. This admittedly is going to take a considerable 
period of time. 

Po far as experimental work is concerned, it seems to me that the crux of the prob¬ 
lem is whether the procedure produces an increased blood flow in the capillary hed and 
therehv better oxygenation of the myocardium. This remains to he demonstrated con¬ 
clusively for any of the current techniques and the method of Goldman mentioned earlier 
in this meeting may flud application here. It is also worth noting that Palmer and YYelch* 
have demonstrated that reversal of circulation in the lower extremity by femoral artery 
to femoral vein anastomosis is followed by deficient peripheral circulation, and they con¬ 
clude that the end result differs little from a conventional arteriovenous fistula. The 
reason for this is that the blood is shunted through venous collaterals hack to the heart, 
by-passing the capillary bed. IVhether a similar situation obtains in the reversal of circu¬ 
lation procedures which have been described today remains to be seen. However, I think 
it is a possibility that must be seriously considered. 

Another point to remember in evaluating experimental results is that in the dog 
survival rates following anterior descending coronary ligation can he improved by a 
variety of operative maneuvers in addition to the ones mentioned today, Bnrthermore, 
Schlesinger has been able to demonstrate by his injection techniques in human beings 
that a hemoglobin of less than 70 per cent for more than two months will produce inter¬ 
coronary communications in more than 70 per cent of persons. It therefore must be proved 
that any procedure in question accomplishes more than these nonspecific stimuli. 

I would like to mention an additional technique which we have used in the experi¬ 
mental laboratory and on two clinical eases. AYe have not felt that the approach intro¬ 
duced by Dr. Beck of producing vascular adhesions to the heart has been entirely ex¬ 
hausted. One of the observations we have made—and this is borne out by the work of 
Burchell at the Ylayo Clinic—is that the epicardium is the harrier to the ingrowth of these 
vessels. We have found in the laboratory that if the epicardium is removed, however 
vascularization of the myocardium is much improved. We have tried many methods of 
removing the epicardium using sharp dissection, hone dust, asbestos, trichloracetic acid 
talc, aluronate paste, iodine, chlorine, etc. Only when 95 per cent phenol was used were 
we able to de-epicardialize the ventricle effectively without traumatizing the heart and 
thus obtain ingrowth of vessels into the myocardium which are large enough to he pene¬ 
trated by the Schlesinger mass (lead phosphate in agar), ^ 

(Slide.) This slide shows a heart which has been painted with 95 per cent phenol 
nurffemed'* Regeneration of the epicardium while the myocardium rLains 

(Slide.) On the right are vascular adhesions which have been establisRefl 
removal of the epicardium. On the left, new vessels have appearei^!rtRr 
and these are large enough to take the Schlesinger mass. ^ fflYOcardium 

(Slide.) This is also a dog experiment, showing iuiection of 
in the previous slide, with the proximal ^ort^ 

•Eure., Gj-nec. t Obst, Ot: 20C. 195;. 
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enter through the proximal coroiiarj- circulation. Above -vve see the bronchial arterial 
branches injected in the lungs, and in the heart itself there are vascular channels which 
are filled with the mass. 

DR. BAILEY (Closing).-—We have been very much interested in the work of Dr. 
Vineberg, have attempted to repeat his experiments in the laboratory, and have found 
some interesting corroborative evidence. However, we have not done enough )’et to come 
out unequivocally and say that we have completely repeated them. 

There is no doubt, as Vineberg has shown, that it is possible to place a large bleeding 
vessel into the myocardium and not get a hematoma. There is no other soft tissue that 
I know of that can offer that advantage to the surgeon. I think that observation in a 
sense begins to answer Dr. Black's comment about other organs in which reversal of cir¬ 
culation has not worked. The heart is of a peculiar spongelike structure, with big myo¬ 
cardial sinusoids arid a rich capillary bed. It can drain off large quantities of blood and 
this drainage can compete with actively bleeding vessels. 

It is true, as Dr. Black has pointed out, that pain is a poor criterion for the meas¬ 
urement of improvement in cases with coronarj- artery disease. So is dyspnea, because 
that also is a subjective symptom. Yet I note that all the eminent cardiologists who treat 
coronary artery disease do so on the basis only of subjective symptoms, except for the 
electrocardiogram. The ballistocardiogram may change that situation in the future. But 
at present all work tolerance tests are sharply limited by the onset of pain and dyspnea; 
so again they are actually subjective tests. I question them because we have been unable 
to evaluate these cases that way. Unless we hope to be better than the cardiologists 
tiiemselves, we will have to accept subjective improvement as a therapeutic guide. 

Those patients who had grafts which became thrombosed might be considered, in 
a sense, as controls to measure the effect of pericardial poudrage. There should have been 
improvement of pain. We put asbestos in the pericardium and certainly produced lots of 
pericardial adhesions. One of the patients does not have pain. All the rest do. They 
do not have the great improvement subjectively that the patients with open grafts present. 

As to the test as to whether the myocardium actually does get better oxj’genation, 
that is going to be quite a task and we have not figured out how that is going to be done. 

The epicardium is, as Dr. Black has pointed out, a barrier to the formation of capil¬ 
laries from pericardial adhesions. As you all know, Dr. Beck used to use a burr to take 
off the epicardium for that reason in his myopexy operations. He also used 90 per cent 
phenol, or perhaps it was 100 per cent, and twenty-seven other substances in the attempts 
to produce vascularized pericardial adhesions, in an experiment that was reported many 
3 -ear 3 ago. Of them all, he felt that asbestos was bj' far the best available substance be- 
cau.se it not only produced vascularized adhesions but also stimulated the development of 
the intercoronarj' communications. 

I might saj' something about the electrocardiogram after arterialization of the sinus. 
The electrocardiogram in dogs and in human beings shows changes which might be inter¬ 
preted as indicating a worsening of the condition. Since the dogs do not have coronary' 
disease we do not think these changes have their usual significance. Therefore we believe 
that the one objective method cardiologists use for measurement of improvement in this 
disease is worthless for our purpo.ses, because the electrocardiogram is apparently so 
greatl}' changed when the blood flow is rever.sed through the coronarv sinus and its tribu¬ 
taries. 
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OINCE tlie first successful pulmonary vahuilotomles were performed bj 
O Brock’ and Sellors’’ in 1948, this procedure has found increasing applica¬ 
bility in the treatment of congenital heart disease associated with stenosis of 
the pulmonic valve. Thus far, however, the total reported experiences with 
this method of treatment are relatively few. It is the piu-pose of this com¬ 
munication to describe a new operative approach, to make some comments 
about the diagnostic characteristics of pulmonic stenosis not associated nith 
ventricular septal defect, and to present the results of treatment in a small 
series of cases. 

the operative approach 


The operative procedure described by Brock’’ ’ has proved generally 
satisfactory, and othei's"'’ have followed it in essential detail. Use of the left 
anterior intercostal approach, however, has one potential disadvantage—^the 
diffieultj’ in certain cases of dislocating the heart into the left thorax so that 
traction sutures can be placed in the anterior wall of the right ventricle pre- 
liminarj- to eardiotomy and valvulotomy. This is particularly true in the less 
severe cases ivithout marked right ventricular enlargement. Sucli difficulty 
was encountered in four of the first six valvulotomies performed through a left 
anterior thoracotomy. Indeed, in two of them, effoi-ts at manual displacement 
of the heart into the left thorax ivere so regularly attended by alarming changes 
in cardiac rate and rhiUhiu that it proved necessary first to place a suture in 
the wall of the presenting left ventricle and, by traction upon it, to expose the 
anterior right ventricular wall. As a consequence of these experiences the use 
of ^Milton’s midliue sternal-splitting approach was investigated. It was found 
to give excellent exposure and has been used with great satisfaction in the last 
three patients in whom a clear-cut preoperative diagnosis of pulmonie stenosis 
could be made. It has also been used in two additional patients who proved to 
have truneus arteriosus.® 

The operation is performed iu the following manner; The chest is prepared 
in the event the surgeon might ivish to e.xtend the incision into either 


From the Departments of Surgcrj- anC Pediatrics, the Indiana Universitj- Medical Center 

Aided m part by a grant from the James TOiitcomh Riley Memorial Association 

Read at the Thirty-second -Annual Meeting of The -American Assneieitm,, <■ 

Surgery at Dallas, Texas. May S-10. 1S52. -■American -Association for Thoracic 

"In one. pulmonic stenosis was considered a possibility beranso nt i.„« • , . 

hypertension without evidence of left to right shmt and inab?HM? ventricular 

pu monary artery. The other was thought to lia\" tttraVo^- of ?■ '^’^eter into the 

pulmonary artery .shunt using the left lubclaviih, arteJ? a fref aortic 

considerable but incomplete improvement. -An effort to^ xtertom^a brought about 

"fS-Confidered safer than an attempt to produce an^ddiflifnai’l^mndib- 
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side of tlie thorax. An incision is made in llie midline from the eephalad end 
of the mannbrinm to tlie lower end of the xiphoid. The incision is extended 
down through the periosteum which is striiiped back fi'om the midline a few 
millimeters on either side. The superior and posterior aspects of the upper 
end of the manubrium are freed sufficiently to permit engagement of the Lebsche 
knife. The sternum is split through its entire length. Any bleeding of the 
cut edges is controlled with hone wax or Oxycel or Gelfoam. The two halves 
of the steiTium are reti'acted ■widely with one or tu'o Rienhotf rib spreaders. 
A few cubic centimeters of 4 per cent procaine solution are injected into the 
pericardial sac. The lo'wer portion of the thymus is dissected from the peri¬ 
cardium and reflected upward. The perieardinm is incised in the midliue after 
placing traction sutures in it, and the cut edges are retracted. Excellent ex¬ 
posure is obtained (Pig. 1). The inilmonary artery and the adjacent portion 
of the right ventricular wall are more or less in the middle of the field. 



Fig-. 1.—Drawing of tlie operative exposure. 

The operation then proceeds according to the usual method. Procaine is 
injected into the ventricular wall at the point selected for eardiotomy. Traction 
sutures of siUr are placed and a small stab tvound is made. Exploration of the 
ventricle and pulmonaiy artery is carried out by passage of a small Hegar dila¬ 
tor. Either the Brock or the Potts v'alvulotomes are used for cutting the 
stenotic valve. Dilatation is carried out "ivith the Potts dilator or bj’^ spreading 
a Kelly clamp. Bleeding from the ventricle is controlled by digital compression 
and by crossing of the traction sutures. 
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4iter completion of the dilatation the cardiotomy incision is repaired i 
a few interrupted silk sutures. Tlie pericardial cai-ity is irrigated until noiiiia 
saline solution and the lower portion of the pericardial incision is closed loosed 
with a few sutures of silk. That portion overli-ing the pulmonaiw arterj is left 
open for drainage. Small Penrose drains are brought out through the upper 
and lower ends of the wound. If the pleural cainty has been inadvertently 
entered, the opening is enlarged and a catheter is introduced througli an inter¬ 
space. The sternum is approximated with a few sutures of stainless steel wire. 
In smaU children the sterniun is soft and the sutures may be placed with a 
heavy cutting-edge needle. In older individuals they are passed through smaU 
drill holes. The periosteum, the deep and superficial fascia, and the skin are 
closed carefully uith interrupted silk sutures. Upon return to the ward the 
patient is placed in an oxj’gen tent or is given oxygen through a nasal catheter. 
He is encouraged to lie in the prone position for the first few days in order to 
provide dependent drainage of the pericardium. 

It is apparent that this approach is best utilized in cases in which pre¬ 
operative studies point clearly to the diagnosis of pulmonic stenosis. Should 
the need arise it would seem feasible to extend the incision into either pleural 
cavity by transecting the appropriate half of the stemum and making an inter¬ 
costal incision. Obviously in cases in which transthoracic exploration is felt 
to be of primaiy importance the sternal-splitting incision .should not be used. 

PULJIOXIC STEXOSIS WITH IXTACT I'EXTRICUL.iR SEPTUil 

Pulmonarj' valmlotomy was performed in eight patients thought to have 
pulmonarj' vaUmlar stenosis without ventricular septal defect. One patient 
was severely incapacitated. The others had mild to moderate disability (Table 
I). All bad some dyspnea on exertion but only in two was it severe. All had 
fatigability, but it was extreme in only one. One patient had marked and five 
had only mild cyanosis. Cyanosis was not clinically evident in one patient and 
was only questionably present in another. Clubbing was extreme in one pa¬ 
tient and mild in three; no definite clubbing was obseiwed in four. All had a 
sj-stolic murmur in the pulmonic area. A thrill was readily palpable in seven 
and suggestively present in the eighth case. In none was there a pulsating 
liver. The blood pressure tended to be normal or low. In Cases 2, 4 and 8 
the systobc pressure ranged between 90 and 94. Hemoconcentration wns very 
marked in one patient. Two had evidence of slight hemoconcentration, and 
there was no hemoconcentration in the remainder. 

There was electrocardiographic evidence suggesting right ventricular en¬ 
largement in all except one ease, but there was clear-cut evidence of ri<^ht 
ventricular enlargement by fluoroscopic and radiologic study in onlv three and 
questionable eridenee in two others. In three patients there was*nothinc^ to 
suggest specific chamber enlargement. In all except one there was enlargement 
of some portion of the pulmonaiw artery. In most of them tlm T^ni 
trunk appeared dilated (Fig. 2). In several, Wver the^ 
in the cardiac segment representing the rerion of the nnlm convexitj 

the lelt .t h..h tS 
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felt by some observers that these pulmonary arteries were perhaps more trans¬ 
lucent than would be expected in nomral vessels of the same size. No intrinsic 
pulsation was noted in them fluoroseopieally. One patient had a markedly 
enlarged heart. The others were either normal in over-all size or only slightly 
enlarged. The P waves were high in the electrocardiograms of only two of the 
eight patients. 

Arterial oxj'gen satiu'ation was determined in all (Table II) and cardiac 
catheterization*' (Table III) in all save one. The exceptional patient was a 
diminutive boy of 10 (Case 4) wbo was extremely ill. He had marked cyanosis. 



Pig-. 2.-Roentgenograms of Ca.es 2 (A) and S (B) shoeing dilatation of the putoonarj- 
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<™hed to there is obvious .Biai^ti^Hf--em! 

•The techniaue used is described in detail el- • 








Table II. Arterial Oxygen Saturation Studies in Cases of Pulmonic Stenosis Without 
Evidence of Ventricular Septal Defect 




BREATH- 

1 breathing oxygen I 


CASE 


ING ROOM 





NO. 

TIME OF TEST 

AIR 

LOW 

MEAN 

HIGH 

CLASSIFICATION 

1 

Preoperative 


89.2 

90.9 

92.6 

Definite veno-arterial shunt 

2 

Preoperative 

91.2 

95.9 

98.1 

100.3 

Borderline, possible small 






veno-arterial shunt 


Postoperative (8.5 mo.) 

92.2 

97.2 

99.3 

101.4 

Borderline, possible small 






veno arterial shunt 

3 

Preoperative 

91.4 

94.4 

96.5 

98.6 

Definite veno-arterial shunt 

4 

Preoperative 

56.9 

61.9 

63.2 

64.5 

Definite veno-arterial shunt 


Postoperative (3.5 mo.) 

90.2 

88.2 

89.0 

90.5 

Definite veno-arterial shunt 

5 

Preoperative (1) 
Preoperative (2) 

91.3 

94.6 

96.6 

98.7 

Definite veno-arterial shunt 

Definite shunt 


Eestinir 

89.3 





Standing 5 min. 

94.5 




No shunt 


E.xercise 1 min. 

88.9 




Definite shunt 


After exercise 

96.8 




No shunt 

G 

Preoperative 
Postoperative (6.5 mo.) 
Resting 

87.7 

86.3 

88.5 

90.6 

Definite veno-arterial shunt 

Borderline, possible small 


94.3 

98.1 

100.5 

102.9 





veno-arterial shunt 


Exercise 

92.6 




Definite lung factor, prob¬ 
ably no veno-arterial 

7 

Preoperative 

90.7 

98.7 

100.9 

103.2 







shunt 


Postoperative (4 mo.) 
Resting 

91.7 

100.8 

103.1 

105.5 

Borderline, probable Inng 






factor 

Normal, probably due to 
exercise hyperventilation 

Exercise 

s 

Preoperative 

91.1 

94.3 

96.7 

99.1 

Definite veno-arterial shunt 


Table III. Pressure Studies in Cases of Pulmonic Stenosis Without Ventricular 

Septal Defect 


CASE 

NO. 

PREOPERATIVE 

POSTOPERATIVE , 

percentage fall 
in R.V. systolic 
PRESSURE after 
operation 

R.A. 

L.A. 

R.V. 

1 P,A., AT 

1 VALVE 

P.A., 

DISTAL 

R.A. 1 

I R.V. 

P.A., AT 1 
VALVE 1 

1 P-A., 

1 DISTAL 

1 

9 

5 

120 

2 

2 







1 

-1 

0 

—2 

-2 






2 

_ 


65 

10 

16 

— 

39 

12 

IS 

40 




-7 

-1 

4 


-5 

2 

6 


3 

16 

21 

82 

24 

46 







2 

-3 

-6 

0 

5 






5 

0 

— 

105 

25 

46 







-6 


9 

16 

13 






6* 

3 

_ 

57 

11 

19 

9 

48 

20 

20 

16 


-2 


0 

1 

3 

5 

6 

8 

9 



1 

— 

127 

1 

5 

4 

84 

14 


34 




—7 

0 

8 

-6 

-3 

4 



8 

2 

_ 

142 

17 

17 







-5 


2 

2 

5 






By ventricular 









puncture 










Before valvu- 

90 









lotomy 


0 








After valvu- 

64 









lotomy 


0 









♦Patient not in basal condition during- postoperative study. 
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clubbiii". hemoconceutration, and a large heart (Fig. 4). The Inei nas en 
lar-ed heart sounds xvere faint, and he had a gallop rhrthm. In this pat e ■ 
the resting arterial oxygen saturation ivas only d 6.9 per cent. The ® 

had onlv indd or questionable evidence of arterial oxi-gen nnsatniatio , 
values ranging from 87.7 to 91.9 per cent. From these ohseryations and lalues 
obtained during the breathing of pure oxygen, a definite right to left veno- 
artei-ial shunt can be presumed to be present in six and a possible small shunt 
in one additional patient (Case 2). In Case 7 it is clearly established that the 
arterial lnq>oxia was due to a liuig factor and there was no definite evidence 
of veno-arterial shunt. l\one of the usual explanations for increased lung factor 
in congenital cardiac conditions were applicable in tliis ease. In two of those 
with d'efinite right to left shiuit (Gases 1 and 3) the cardiac catheter passed 
readily into the left atrium and the right atrial pressure was elevated; it is 



l.—-Koentgenogram in Case 4. The heart is seen to be greatlv increased in size 
appear remartoble.”^ ventricular enlargement- The pulmonary artery segment does not 


entirely likely that a true atrial septal defect rather than a patent foramen 
ovale was present. That intermittent ailerial hypo.xia resulting from the inter¬ 
mittent shunting of blood from right to left atrium may occur in some is illus¬ 
trated by studies carried out in Case 5. On one occasion the resting arterial 
oxygen saturation in this patient was 89.3 per cent. After standing for five 
minutes it was 94.5 per cent. At the end of one minute h exercise it was SS.9 
and afterward 96.8 per cent. In none of the patients subjected to cardiac 
catheterization was there any evidence of a ventricular septal defect ufith left 

Woo?* ventricular 

Pressure studies* made at the time of cardiac eatlieterkation and in one 

in er^t Tl' operation, were of considerable 

The right ventricular pressures ranged between 57 and 142 mm. of 

•Made the Hathaway manometer. 
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nierciuy. In one instance, at the upper extreme (Case 8), the systemic systolic 
pressure was exceeded hy 40 mm. Right ventricular pressure was found to he 
near the systemic level in three patients (Cases 1, 5, and 7). In the other three 
patients the ventriculai’ pressure was lower and was in the range in which as 
yet little experience with pulmonary Amlvulotomy has been obtained. 

All of the pressures measured .iust beyond tlie pulmonary valve were lower 
than those measured more distall.v. This fact may be due to locally increased 
rate of flow with conversion of iiotential to kinetic energy at this point, followed 
by reconversion to potential energy more distall.v, in accordance with Bernouilh s 
])rineiple. In five of the patients the pi-essure of tlie pulmonary artery near the 
valve rvas subnormal. In the two in wliicli it was normal .iust bejmnd the valve, 
it MTis actually elevated more distall.v (Cases 3 and 5). The right atrial pres¬ 
sures were elevated in onl.v two cases (Cases 1 and 3), in both of which enti'.^ 
into the left atrium was possible. The pressures in the right exceeded those 
in the left atrium during at least part of the cardiac c.vele in these two cases. 
Tliere was no frank riglit ventricular failure in an.v of the patients as evidenced 
by the normality of the ventricular diastolic pressures. 

The single study bv needle puncture of ventricular pressure at the time of 
operation revealed a fall in s.ystolic pressure of about 30 per cent after valvu¬ 
lotomy. It will be interesting to learn whether the ultimate fall in ventricular 
pressure is predictable from such tracings made at the time of operation with 
the pericardium open. During preoperative catheterization the systolic ven¬ 
tricular pressure in this case was considerabl.v higher than at the time of opera¬ 
tion, 142 as compared with 90 mm. of mercuiy. 

The diagnosis of congenital heart disease had been made early in life, 
usuallj^ before the age of 4 .veai’s. Most of the patients had apparentl.v been 
thought to have an atrial or venti'icular septal defect. The one patient in whom 
a diastolic as well as a s.ystolic murmur was present had been considered as hav¬ 
ing a patent ductus arteriosus. Indeed, exploration had been canned out some 
months before the correct diagnosis \vas established. 


During operation the pulmonaiy ai’teiy wms found to be moderately oi 
markedly dilated in all except one patient. In these cases the stenotic valve 
could be palpated through the pulmonary artery and a thrill could be felt with 


each systole. In the exceptional patient (Case 4) the pulmonaiy artery was 
small, having a diameter of less than a centimeter, and no thrill could be felt. 
The valvular stenosis in this, as in all the other cases, could be confirmed bj 
palpation with probe and valvulotome, and the pulmonaiy artery began to 
pulsate vigorously immediatelj^ after valvulotomy and expanded to almost twice 
its former diameter. In one patient (Case 8) the valve ivas palpablj^ calcified. 

All of the patients have done ivell since operation. Thej" have increased 
exercise capacity and, in general, are essentiallj' free of sj^mptoms -within the 
limits of activity thus far permitted. When cj'anosis w-as present beforehand 
it has disappeared or is milder in degree and less frequent in occurrence. The 
change in status following valvulotomy can be illustrated by those wuth the 
mildest (Case 3) and the severest (Case 4) sjunptoms. 
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The former patient Avas thought by his parents to exinbit d\spnea ouIa 
rarelv and after undue activity. Only infrequently Avas eyanoms oi ^ 
noted, -enerallv during periods of excitement. Though he could uulk sIoavI. 
for faulv Ions distances he tired easily and Avas ahvays found to be sitting doum 
to rest Jhoith- after engaging in any play. Nou- eight months after operation 
he seems entirelv normal. He plays Aigorously, rides a bicycle Avell, and does 


not seem to tire at all. 

The latter patient Avas so limited in exercise tolerance be could Avalk on a 
a feAv steps at a time. He vras markedly cyanotic and AA-as forced to lead the 
exceedingly restricted life of a cardiac cripple. Because of poor heart soimds, 
gallop rhythm, and large liver, he Avas considered on the verge of heart failure 
and AA'as digitalized before operation. Prom the moment of A*alAnlotomy his 
color Avas excellent. He Avas discharged from the hospital on digitalis and Avith 
strict limitation of actiAUty. About one Aveek later he Avas readmitted in frank 
failure Avith marked edema probably resulting from excessive activity and too 
high a salt intake. He responded pi'onAptly to bed rest, salt restriction, and 
mercurial diuretics. Digitalis Avas discontinued a little less than three months 
after operation. Three and one-half months after A’alvulotomy the arterial 
oxygen saturation had risen from 56.9 to 90.2. It did not fall Avith mild srrs- 
tained exercise (20 climbs up and doAAur steps drrring a period of 2 nrinrrtes). 
The erAThrocAte count had fallerr from 9,90 to 4.43 million, the hematocrit 
from 83 to 52. He had gaiired from fifty-one to fifty-eight porrnds and had 
groAvn in height. He noAv Avalks Aigorously and has noted no fatigrre on vralkirrg 
several blocks. His actiAity is beiirg rapidly expanded. 

In three additional patients postoperath-e arterial oxygen studies have been 
made (Cases 2. 6. and 7). All had Irigher A-ahres during breathing of air and 
during breathing of oxygen. PreoperatiA'ely one (Case 2) had a borderiiire 
condition Avith possible small A-eno-arterial shunt. The postoperatHe findings, 
though improved, Avere still in the same borderline classification. The second 
patient (Case 6) had eridence of definite A-eno-arterial shruit before operation. 


After operation the studies indicated a borderline situation vrith possible small 
shunt. The third patient (Case 7) had arterial hypoxia due to a Irrng factor- 
before operation. Postoper-atiA-ely she showed definite improvement but still 
had to he elassified at rest as borderline rrith probably lung factor. During 
exercise after oper-ation, probably as the result of hyperventilation and conse¬ 
quent increase in alveolar oxygen tension, the oxygen saturation rose to a 
definitely normal value. On cardiac catheterization these same three patients 
showed a reduction in riglit ventricirlar pressure, though not to normal levels, 
and a cori-esponding increase in pulmonarA- artery pressure. 

It is of interest that a good result Avas obtained in the two patients in Avhom 
preopei-ative studies liad demonstrated normal pressure values just bevond the 
pulmonary values and actually elevated pressures more distallA-. The'outcome 
... .no C«. 3) „ns boon <le,oribo3. Tl,. o.I.or (C.se 3) ,vas d'isi.a&ed W 
the postoperative period because of tacliycardia. She has now been Avitliont 
digitalis for seven weeks and it is certain that she is considerably improved oA-er 
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her preoperative state. Tlie deinon-stration of pulmonary hj^pertension in two 
patients ^vit]I pulmonic valvular stensosis is a surprising and, at present, un¬ 
explained occurrence. Our experiences demonstrate that, at least in mild de¬ 
grees, it does not constitute a clear contraindication to valvulotomy. 


OTHER PATIENTS TREATED BY' Y’ALVULOTOMY OR DILATATION OF THE 

PULMONARY ARTERY 

Two additional patients have been treated by pulmonary valvulotomy and another by 
dilatation of a ealcific stenosis of the pulmonary artery. One was a 21-year-old man thought 
to have tetralogy of Fallot. He had been severely incapacitated. Ten months earlier a left 
thoracotomy' had been performed in the hope of establishing an aortic-pulmonary or sub¬ 
clavian-pulmonary shunt. The mediastinal area and the hilum of the lung were filled with 
a mass of wormlike collateral channels. In spite of care, bleeding was so troublesome that, 
alone in our experience with tetralogy of Fallot, it was felt necessary to abandon the attempt 
to isolate the pulmonary artery. A month later a segment of azygos vein was interposed as 
a free graft between the proximal ends of the divided subclavian artery and the upper lobe 
branch of the pulmonary artery. Though he was somewhat improved symptomatically and 
had less severe hemoeoncentration, he was still badly' handicapped and a continuous murmur 
was never clearly’ audible. Ten months after the first operation another exploration vas 
made through the left thorax. At this time the hematocrit was 63. It had been /1 before 
the previous operations. Again the pulmonary' artery could not be safely isolated. T le 
lateral incision was extended anteriorly' and a calcific stenosis of the pulmonary' valve vas 
discovered. Valvulotomy' was carried out with good result. During the eleven months since 
operation he has been relatively well and has been working regularly'. His color is exce en 
and the ery'throcyte count normal. 

A second patient was a pitifully' handicapped 14-y’ear-old girl with marked cyanosis, 
clubbing, hemoeoncentration, physical incapacitation, and lethargy. From careful stu y 
including angiocardiography she was thought to have atypical tetralogy' of Fallot with mar e 
overriding of the aorta and unusually small pulmonary' arteries. A left lateral thoracotomy 
was made. Preliminary' dissection of the hilar area convinced the operator that if a pu ^ 
monary artery were present, it was diminutive in size. The incision was extended anterior y 
and the pericardium opened. The main pulmonary' artery was about normal in size or a litt e 
smaller than normal. The valve was not palpable. About 2 cm. distal to its oiigin, at ^ 
the region of the bifurcation, the artery became very small and there was obviously a ® 
stenotic lesion in this area. A cardiotoniy was performed and the calcific ring thoroug y 
dilated by spreading a Kelly clamp. Following this procedure, good pulsation was eviden 
in the small left main pulmonary artery' and a thrill could then be felt. The patient has een 
remarkably improved. On her first return visit three weeks after operation her co or vas 
good. She was much more energetic than she had been and could go up and dou'n a ig' 
of steps without dyspnea. Her activity is being rapidly' increased. 

A third patient was an 8-y'ear-old boy with atypical tetralogy of Fallot which functioned 
essentially as a case of pulmonic valvular stenosis without ventricular septal defect. He m 
moderate dyspnea, fatigability, cyanosis, and clubbing but no hemoeoncentration. m 
fluoroscopic and radiologic examination revealed right ventricular enlargement and decrease 
pulmonary artery shadows (Fig. 5). Angiocardiograms performed with anteroposterior an 
left anterior oblique projections revealed fairly large pulmonary arteries, suggestive eiidence 
of infundibular stenosis, and normal sequential filling of the right and left sides o e 
heart though some observers thought there was faint opacification of the aorta in one film a 
the time of right ventricular opacification. Cardiac catheterization studies revealed no in¬ 
crease in oxygen content in the right ventricle over that of the right atrium. A bubble in 
the system caused a slight damping effect with artificial elevation of diastolic, and lowering 
of svstolic pressures. Under the circumstances the right ventricular pressure was 0i/9 an 
pulmonary’ artery' pressure 15/6. Arterial oxygen saturation was 88. The patient was 
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explored for pulmonary valvulotomy. There was no visible abnormality m the regi 
infimdibular chamber. A jetlike systolic tlirill was palpable in the putoonary artery, Ao 
dear-cut stenosis was, however, palpable nor could one be sure of any infundibular s enosis. 
The Brock valvulotomes were passed and the pulmonary artery and infundibular chamber 
thoroughly dilated. The patient was considerably improved. He noted no dyspnea post- 
operatively, and liis capacity for exercise was greatly improved. About thirteen months after 
operation lie became acutely ill witli a cold followed shortly by marked respiratory dif&cu . 
He died witliin a few days. Post-mortem examination revealed the cause of death to have 
been massive left atelectasis from aspiration of foreign material which plugged the smaller 
bronchi. The heart showed right ventricular enlargement, a small high ventricular septal 
defect about 0.5 cm. in diameter with an overriding aorta, a moderate stenosis of the short 
infundihular chamber and the origin of the pulmonary artery, a large atrial septal defect, 
and drainage of the right pulmonary veins into the right atrium. There were one large and 
two small pulmonary valve cusps without fusion. The large valve cusp had been bisected by 
the valvulotome as had been a small cusp opposite it. There were linear scars in the in¬ 
fundibulum. probably resulting from the passage of the valvulotome and the dilator. In 
spite of the complex malformation, catheterization and angiocardiographic studies demon¬ 
strated that the anomaly functioned essentially as a pulmonary stenosis with intact ventricular 
septum. It is of interest that marked improvement followed valvulotomy and dilatation and 
persisted during the thirteen montiis he lived. 



unusual case of atypical tetralofrv of Fallnt A -ni.,!,. 
monar}- arteries are well visualizes and there is no simultaneous opacification‘Sf"the aona! 


SUJtMART 


A new operative approach for pttlmonary valvulotomy through a midliuo 
sternal splitting incision has been described. It gives excellent evDosuro of 
-t«-ior surface of the right ventricle and Pulnmnary ariet aX^dati Se 
dislocation of the heart into the left thorax neeessarv wlien n loft 

ik'tr"'i i' ventricular enlai-emenr" A 

■ eiit-s of eight cases of pulmonic stenosis without evidnnon cur, *• .' ^ 

»inal lift,,., i,avo Icon iirrac.itrf, .mO tl,c diaf„„s,ie cliaracSltS rf 
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classical signs noted in those Avith more advanced alterations. Good functional 
results were obtained even when the right ventrieular pressure was not elevated 
to extreme levels and Avhen mild pulmonary hypertension Avas present. The 
results of arterial oxygen and eatheterization studies haA'C been discussed. Three 
unusual cases of tetralogy of Fallot in AAdiich the patients Avere subjected to 
A'alA'ulotomy or pulmonary artery dilatation haA-e also been presented. 

Thus far there has been reported a total of sixty-tAvo operatively treated 
patients Avith pulmonic valvular stenosis Avithout ventricular septal defect, of 
AA'hich fifty-four survived and Avere benefited by the procedure.-’ *''• ° Adding our 
eight cases in Avhich no deaths oecuiTed, seventy patients haA’e been treated, 
AA-ith a mortality of 10 per cent. It is believed that the mortality aaTU proA’e to 
be much loAA’er in the milder cases of pulmonic stenosis and that it is Avorth 
Avhile to continue exploration of the problem of their surgical treatment. 
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DISCUSSION 

DE. OSLEB ABBOTT, Atlanta.—I am deeply appreciative of the physiologic undei- 
standing and thought involved in this paper. I want to bring up two aspects uhich 
are of some importance. One of the great features of a good surgeon, or of a ^uty 
procedure, is adjustability, and I think it is important to stre.ss that there is an 
approach to every organ and structure. There is, however, a terrific adjust.ibilitj m 
thorax, and pulmonic stenosis can be approached from a lateral incision if the surgeon I'l 
adjust himself to moving from the left .“ide of the table to the right, fiom an anterior in 
cision and from a median sternotomy. Of course, much of the future of surgeiy is the proper 
combination of useful procedures, including the mixing of one incision with the other, 
think that this is important. A tetralogy can be explored where it is planned to do, or 
instance in the young age group, a side-to-side anastomosis of the Potts type. The clmica^ 
judgment may not be found good, and a switch may be made to a valvulotomy, still 
the lateral incision. AAGth the lateral approach, if the surgeon will rvork facing the patien s 
anterior thorax as he lies in the left lateral decubitus, he rvill have good access. 

The second point I would like to make is one on which I har'e had some correspondence 
with Dr. Blalock, and that is the question of anesthesia in pulmonary stenosis surgerj. The 
question in my mind has been, if rve give some positive pressure prior to opening the thorax, 
do we not increase pulmonary resistance, or ah-eolar tension, produce refle.x pulmonary arterj- 
and bronchial artery spasm and therefore indirectly produce cardiac anoxia? In pulmonarj 
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valve surgery the unfortunate frequency of cardiac standstill at the beg.nmng of the opera- 
Horis a pLomenon uhich so nrany of us have encountered, and Air Broch has so .ve 
emphasized. He insists that the surgical approach to these pulmonary stenosis patients must 
not he delayed and if difficulty develops, the valve must be opened quickly. The improvenaen 
of the patient is often striking as soon as the thorax is opened. Since that talk about three 
years ago, we have made a markedly strong point, that no positive pressure is given to a 
paHent with obstruction of the right ventricular outflow tract until the thorax is opened. 1 
would be interested to see what the results of such a concept would be if applied by a larger 


number of surgical clinics. 

BE. LEO J. KEXKEY, Detroit.—At the Henry Eord Hospital we have carried out a 
pulmonary valvulotomy in a total of ten cases, and there has not been any mortalitj- in the 
series. VTe have a great interest in this subject. 

I would like to present a simple diagnostic test devised by Dr. Bobert Ziegler of the 
Division of Pediatric Cardiology, Henry Ford Hospital, which has given us considerable aid 
in the diagnosis of this entity and also in the diagnosis of the other congenital cardiac 
anomalies. 

(Slide.) The test is carried out at the time of cardiac catheterization, after the 
physiologic data have been obtained. The tip of the catheter is permitted to remain in the 
right ventricle and 2 c.c. of 2 per cent sterile fluorescein dye is injected through the catheter 
into the right ventricular chamber. The period of time required for the dye to appear at 
the mouth is determined by a stop watch and an ultraviolet light directed at the mucous 
membrane of the patient’s lips. A definite end point is obtained and identified by the charac¬ 
teristic appearance of fluorescein. Xormally, four to five seconds are required for the dye 
to go from the right ventricle through the lungs, back into the left side of the heart, and 
out into the systemic circulation to the lips. In patients with pure valvular stenosis this 
time may be prolonged up to fourteen seconds. In the instance of a tetralogy of Fallot, 
with the patent interventricular septal defect, the dye appears in one to four seconds. This 
test is in routine use at our hospital and has been applied in over 200 cases without any 
harmful efiects. Details have been published in a recent issue of the journal of Ctrciirofion 
by Dr. Ziegler. 


- DE. H. WILLIAAI SCOTT, JE., Xashville.—I would like to congratulate Dr. Shumacker 
on these interesting studies and on his good results in these patients with valvular pulmonic 
stenosis. In the first direct attack on a stenotic lesion of a pulmonary valve, which was done 
at Johns Hopkins Hospital, Dr. Blalock used a stemum splitting incision and the exposure 
was quite satisfactory. So far as I know, since that time exploration has been done in all 
subsequent cases through an anterior intercostal incision on the left. lYlien the heart is 
large this exposure is quite satisfactory, but when it is small, as Dr. Shumacker has pointed 
out, there are some objections to this approach. It may be necessary, under these circum¬ 
stances, to rotate the heart to the left by traction on the medial flap of the pericardium and 
that, certainly, is not entirely without ill effects. In such instances I have alwavs had in 
mind the extension of tlie intercostal incision transversely across the sternum to gain adequate 
exposure of the base of the right ventricle and feel that with this additional maneuver which 
may not be necessary except on rare occasions, the anterior intercostal approach is satisfactorv 
for routine use, and in this use it may disturb the patient less than the use of a sternum'- 
Splitting procedure. 


DB. HEXEY StVAX, Denver.—I would Eke to put in an additional plug for the 
erimm-sphtting maneuver. IVe have been splitting the sternum transverselv if pftients 
m nhom ,t seemed desirable to have a wide exposure of the heart and access to'all chambers 
The incision has been in the fourth interspace on the right, entering the uleurnl J ^ 
the sternum in a jog formation, and out the fifth interspace on the left TI is Utu’ 

oi .i« ,i,„.si, ,M, a.7.'S" 
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factory exposure. I would agree with Dr. Scott that in patients with pulmonic stenosis, if 
the left intercostal incision is placed, going acro.ss the sternum in cases in which it was 
found necessary, this would certainly give a \ery adequate exposure. 

DB. BALPH A. DETEBLING, JB., New York.—At Presbyterian Hospital in New York, 
in Dr. Humphreys’s group, we have performed about twenty Brock operations with no 
mortality. We have emploj’ed the left anterior approach and have as yet had no great 
difficulty. I would agree with Dr. Swan and Dr. Scott in the desirability of being able to 
carry out a transsternal splitting if it did seem necessary. The main reason I wish to speak, 
though, is to mention the findings in two interesting cases we had in this group of pulmonic 
stenosis. At operation, direct intraventricular and arterial pressure are obtained by fine 
plastic catheters introduced through a small needle into the lumen and connected to a Lilly 
manometer. We have carried out perhaps 200 such studies in operations on the heart and great 
vessels, and have found several in which the findings at operation have been extremely im¬ 
portant in influencing the surgical technique. In one of Dr. Humphreys’s patients, the 
standard Brock procedure had been completed. A study of tlie pressures obtained with the 
catheter, about 1 mm. in diameter, demonstrated to our surprise that there was relatively 
little change in the pressure of the pulmonary artery, wiiich was quite low, or in the elevated 
right ventricular pressure. So with some hesitation, as you can imagine, he entered the right 
ventricle and did a much more vigorous dilatation of the valve. The pressure tracings then 
indicated restoration toward normal of these pressures. 

In a second patient upon whom I operated, we were studying tlie pressures at the end 
of the operation and were somewhat surprised to find the fall in the rigid ventricular pressure 
to be much less than was the rise in the pulmonary arterial pressure. Upon introducing the 
catheter into the right ventricle, I was informed by our associates that they had obtained 
an aortic pressure and pulse wave contour. The tip of tbe catheter had gone through an 
unsuspected high interventricular septal defect. Actually, the Brock procedure was allowing 
a more effective left to right shunt by opening the right ventricular outflow tract. 

I think we should continue with such studies, since we are actually e.xploring the field 
of human cardiovascular physiology at the present time. 

DB. SHUMACKEB (Closing).—I certainly appreciate the comments of those who 
have discussed our paper. We have used the fluorescein test which Dr. Kenny mentioned 
but have not found it entirely reliable. Certainly any procedure which would increase the 
accuracy of diagnosis would be of great value. One case, which is described in the manu¬ 
script but ivas omitted from the presentation for the sake of brevity, illustrates clearly the 
diflSculty which one may encounter in diagnosis. This boy was eventually proved to have an 
atypical tetralogy of Fallot. According to cardiac catheterization studies and angiocardi¬ 
ography his malformed heart functioned in a manner quite like that of pulmonic stenosis 
and he was considerably improved after pulmonary valvulotomy and -dilatation of the in¬ 
fundibulum and the pulmonary artery. 

I am sure that the comments which have been made about the e.xfensibility of various 
thoracic incisions are sound. We too have done explorations on several patients tlirough 
lateral thoracotomies and, when we found it necessary to open the pericardium and perform 
pulmonary valvulotomy, have simply extended the incision anteriorly and completed the 
procedure satisfactorily. We are at present using the sternum-splitting approach in seem¬ 
ingly proved cases of pulmonic valvular stenosis because we find tliat it is so easy in execu¬ 
tion, that it provides sucli e.xcellent exposure, and is so easy to repair. It seems to me that 
it is an approach which otiiers may profitably employ in eases of this sort. It is of great 
interest to me to learn that Dr. Blalock used it in his first case of pulmonary valvulotomy. 



PLAS^L\CYT0]iL4 OF THE LIJXO 

Lucirs D. Hh-l, HE a-xd M. La\ykexce YThtte, Jr.: 

Charlottesvilije, Ta. 

7-' XTRAAIEDHLLAEY plasmacj-toma is a relatively rare timer and in the 
r. literature there exists much coninsiou eoueerning its origin and hehavior. 
Y snrvev of the literatui-e shows that about 1S5 cases of extrameduUary plasma¬ 
cytoma have been reported since 1905. HeUwig^ reriewed 127 cases in 1943 
and added one of his own. This represented all cases reported from 190 .d to 
1943, with the exception of 24 cases reported by Jaegev in 1942. Since that 
time a number of cases have been added and several I'eviews of the subject 
have been presented. 

In all of these., only four extramedullary plasmacytomas were reported 
which were thought to have originated in the lung. The first was reported by 
Gordon and lYalker in 1944.^ There is little doubt that this is a plasmacrioma 
of the limg. The patient survived left upper lobectomy, but there is no further 
report. The second patient with a plasma cell tumor believed to be in the lung 
was reported by Kuley and Kuntman.^ The lesion in their iiatieut, however, is 
not conclusively in the liuig. The roentgenograms presented with the report 
show that the lesion could well have originated from the mediastinum. The 
diagnosis rests only upon material obtained by aspiration; therefore, it is 
difficult to accept this as a plasmacytoma of the lung. The third report by 
Childress and Adie'^ describes a plasmacAdoma in the right middle lobe of a 
21-year-old white man. It was removed by segmental resection. At the time 
of their report the patient had been followed for thi’ee years and apparently was 
doing well. The foiu-th report by Cotton and Peuido® describes a 57-year-old 
woman who survived left upper lobectomy for plasmacytoma and who was well 
some twenty months later at the time of the report. 

Because of the obvious rarirt of this condition, and because of other unique 
features, it was thought useful to report a plasmacytoma of the lung which came 
under our observation. We believe this to be the foiu-th confimed plasmacytoma 
of the lung. It is the youngest patient (age 3 years) on record with extramed¬ 
ullary plasmac.rtoma in any location. It represents the longest, follow-up (eisht 
years) of any pla.smacytoma of the lung. 


CASE report 

Sistory.—D. C. S., UnivcHity of Tirgima Hospit.al ^-o. 202614. This 3-vear-old tvliife 
^1 was admitted to the Pediatric Serrice at the University of Virginia Hosoital on June 6 
1-rt with generalized swelling and dyspnea of one years duration. She had been well -‘or 
the first reo years of her Hfe, and one year prior to entering the hospital she became fretfnl 
ana lost her appetite. Later she developed generalized edema, and her urine became darh 
The.-! signs persisted until admission. Poring the year she had several boats f ' 
accompanied by increase in the edema. She also had exertional dv-rneo t,-\ 1 
rt^ively worse. Paring the winter month, the parienT^^^oXl Tn l\oS:: 

From the Division of Thoradc Sunrerv Enivercifv t- • . 

Received for publication. June 6. 195" ” ' ' ^ '■'Vmia Hospital. 
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to cold, and became cyanotic on the slightest exposure to cold. Six months prior to admission, 
the parents noted clubbing of the lingers ivliich became more prominent until admission. 
There rvas no cough, hemoptysis, expectoration, or specific chest pain. Her past history 
revealed that she had been born by a normal delivery, had never been cyanotic as an infant, 
had an entirely normal development, and was very energetic until the onset of her illness. 

Physical examination on admission revealed a temperature of 103.0° P. rectally, pulse 
rate of 120, respirations 40. She weighed 14.6 kg., and appeared to be a well-developed 
3-year-old girl with 2 plus pitting edema of the arms, legs, and face. She was in no 
distress. There were shotty, nontendcr, discrete nodes in all of the regional areas. The 
spine showed a moderate dorsal kj’phosis. There was a moderate increase in the antero¬ 
posterior diameter of the chest, and respirations were almost entirely abdominal. There was 
dullness to percussion over the left hemithorax from the third rib anteriorly to the third 
thoracic vertebra posteriorly, with decreased breath sounds over the same area. There were 
no rales. Examination of the heart revealed a diffuse forceful impulse, most intense below 
the sternum at the level of the fifth costal cartilage, which gave the impression that the heart 
was pushed to the right. There was a harsh systolic murmur over the entire precordiura. 
The neck veins were distended, and there wore many enlarged cutaneous veins over the thorax, 
arms, and legs. The liver edge was 2 to 3 fingerbreadths below the right costal margin. 
The spleen was readily palpable. There was slight abdominal distention. The knees were 
swollen, fluctuant, and painful on motion. There was marked clubbing of the fingers and toes. 



Fig:. 1.—Preoperative roentgenogram sliowing anteroposterior view of dense mass occupying 

neariy tlie entire left hemithorax. 

LaTioratory Data. —Hemoglobin—S Gm. (Haden-Hauser) ; red blood cells 4.3 million; 
white Wood cells—7,600, with a normal differential. The venous pressure in the right arm 
was 150 mm. of water. The blood Wassermann and Kalin were negative. Blood urea was 
22 mg. per 100 c.c. Total protein was 5.9 Gm. per cent, and a single blood culture was 
negative at forty-eight hours. The urine was yellow, slightly cloudy, with 4 to 8 white 
blood cells and 10 to 15 red blood cells per high-power field, with no casts. It was negative 

for Bence-Jones protein. , 

Eoentgenograms of the chest revealed a very large rounded opacity which nearly fiileO 
the left hemithorax. The mass occupied the posterior portion of the chest to within 1 to 1.5 cm. 
of the anterior thoracic wall (Fig. 1). There were no definite pulsations on fluoroscopy. The 
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^Je^ed tte posabmtr of a large flaid-filled pnlmonarv cyst, a rvalled-oS pod:et of , 
or p^oslbly a huge iatrathoraeic neoplasm. The bone changes were typical of a marked degree 

of puimonaTV osteoarthropatliy. x - i „v 4 «;r,r .,:3 

Aspiration biopsy of the mass was performed. Examination oi the^^terial obtained 

revealed a solid tnmor made np of large masses of spindle-shaped cells wi ype 
nndeL Mito=es were thonaht to be moderately increased. Some palisading of the cells 
was noted. The exact type of tnmor conld not be determined from snch a minnte biopsy, 
but it was thought that the tumor might represent a sarcoma or lymphoblastoma. 

It was thought from the histologic appearance that the tumor might respond 
treatment. This treatment was delayed because the patient developed measles, which subsided 
in four days. Three days later roentgen therapy was begun over the left hemithorax: 2,S00 r 
in air (filtration—2 mm. Cu) being given through two portals over a period of fourteen 
days. Following this a roentgenogram of the chest revealed the tumor to have increased in 
size and to have extended to the first interspace. Because of this failure to respond to therapy, 
it became obvious that thoracotomy offered the patient her only chance for cure. On July 10, 
19-14. exploratory thoracotomy was carried out by one of ns (M. Ih AV.}. The pleura was 
freed, and a large dense mass was found occupying all of the lower lobe on the left and 
extending across the interlobar fissure into the upper lobe. There appeared to be no normal 
lower-lobe tissue remaining. Exploration of the mediastinum revealed it to be entirely free 
of tumor. Fneumouectomy was carried out using the individual ligation technique. One 
lymph node was removed for examination, and grossly appeared benign. It was felt that 
the entire tumor mass had been removed. The patient tolerated the procedure nicely, and 
had an essentially uneventful postoperative course. 

Ou gross examination, the tumor in the left lower lohe measured 7 by 7 by 8 cm. It 
was yellowish-brown and fairly soft. It seemed to have a definite capsule, and was quite 
circumscribed ou cut section. It did not appear to arise from a bronchus. The hilar region 
was not involved. On microscopic examination, the tnmor was composed of a stroma of 
spindle-shaped cells growing in loose strands. These cells had hlnnt, rounded nuclei, and 
were fairly uniform in structure and staining properties. The predominant cells, however, 
in most fields were round, oval, or polygonal cells with abundant cytoplasm and eccentric 
nuclei containing from five to ten distinct deeply-staining blocks of chromatin regularlv 
arranged in a circle within the nuclear membrane. Adjacent to the nucleus there could he 
found the characteristic “paranuclear light-stained-’ area. This predominating cell fulfilled 
the criteria for the diagnosis of plasma cells as outlined by Marschalko.t A search was made 
for Eussell bodies hut none were found (Fig. 2). 

The patient's postoperative course was essentially uneventful. She was disdiarged on 
-Aug. 6, 1944, in good condition. She first returned for follow-up examination on Oct. 2 1944. 
There was an opacity in the left hemithorax, with a fluid level and thickening of the plenra. 
The periosteal new hone formation and the obvious signs of advanced osteoarthropathv were 
noted to be subsiding. The patient was then asymptomatic, and gained weight for one vear 
A small mass in the right lung was noted in 1945 and was followed. Bv Jan. 31 19X6 it 
TOs noted to have decreased in size and become less distinct. It was thought to be’a tvmical 
Ghon tubercle. The osteoarthropathy had completely disappeared bv Jan. 1 1946 Badio- 
paphic follow-up of the chest during and subsequent to 1946 show’cleariv that there were 

ore- chest and on examination the patient had g^od breath sounds 

c. the operative side (Fig. 3). At last exanrination (March. 195 op +>,» natieat rro- o « i 
well She was able to run and play with other childL and h;a"L^LSL^-pt^S 
limitations. Her respiratory studies show a maximum breathing capacitv of 30 <5 1 ne^ ■ F 
wnth a vital capacitv of 1.346 c.c. The reirieot ;= oi oO.S L per rmnute, 

Eijnnsioa of the operated side ou respiration is woodl and leTT” ^ “ school, 

find so little distortion in the mediastinum. ^ -• it le unusual, however, to 
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Fig. 2.—^Photomicrograph (hematoxylin-eosin X1200) showing the predominating typical 

Marschalko plasmacytes. 



Fig, 3.—^Roentgenogram showing anteroposterior view of thorax eight years after left pneu¬ 
monectomy. Faint hut definite lung markings can be seen in the left hemithorax. 
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PlSCESSIOyf 

Recent work dealing the plasma cell by Jordan^ has established some 
^^e^v information concerning the nature of the plasma cell and has ao^rmed 
previous data dealing nlth the oxlgin of this cell. Studies by Jordan of ti ue 
esplants, consisting almost solely of l>-mphoc}-tes, have clearly shown t u 
Ivmphoci-tes differentiate into plasmacytes. In many tissue explants contai^g 
lymphocytes, the predominating cells after five to six days were typical ilars- 
chalko piasmacytes. In addition, the.plasmacytes were found capable of extensive 
ameboid motilitv and complete amitotic dimsioii. The latter was confirmed in 
cinematographic records. These actual cinematograpliic records confirm the 
tissue culture work done by Ilaxiniow® in 1922. which showed the derivation of 
plasma cells from lymphocytes. In spite of Ilaximow s work, there has been 
considerable argument concerning the origin of the plasma cell. Originally, 
Ramon y Cajal. who first described the plasma cell in 1890, contended that the 
plasma cell originated from fixed tissue lymphocytes. Unna contended that 
plasma cells are derived from fixed connective tissue elements. Marsehalko 
believed the origin of plasma cells to be from emigrated blood lymphocytes only, 
llaximow and Jordan's woxlvs appear to present definite evidence that plasma 
cells may be derived from both fixed and emigrated lyniphocx-tes. Since the 
plasraacj'toma may originate from lymphocytes, it may hear some relation to 
tumors of l\-mphatie tissue. 

It has been maintained by some that extramedullary plasmacytomas are 
grauuloraatons in nature, and consequently are benign. However, a review of 
the clinical experience with these tumors shows this to he a dangerous viewpoint. 
Hellnlg found that out of 12S eases reported in his review, 29 showed definite 
invasion locally. Thirteen of these showed distant metastases, Figi, Broders, 
and Havens'® reported eleven cases of plasmacytoma in 1915. Five of the eleven 
cases showed frankly malignant behavior with either extensive local invasion or 
distant metastases. On the basis of their experience they have stated: “Plasma- 
crtomas are malignant lesions and they should he classified and treated as such.” 
They found no evidence from their material to suggest that these lesions are 
granulomatous or inflammatory in nature. In 1946, Conret“ reported a plasma¬ 
cytoma of the pyloi'ic portion of the stomach. This lesion was locally resected. 
Tt was found to he a plasmac.rtoma, and was thought to he an inflammatorv 
benign Ie.sion. Two months later the patient was exiJored for obstruction, and 
was found to have large iungating masses throughout the abdomen which proved 
to be composed predominantly of Ij-mphocytes. One montli later, autopsj- re¬ 
vealed the large definitely invasive masses to represent plasmacytoma. Shaw 
and Smith'" reported a plasmacytoma of the thyroid gland which was almost 
exclusively made up of plasma cells with a moderate number of mitoses su<^<-est- 
mg a low-grade malignancy rather than an inflammators- lesion. Hanv olher 
ease.s can he cited which show definitely that a high percentage of plasmaertomas 
become nmhgnant locally and give rise to distant metastases. It should he 
s rcssed that the nncroscopic picture of these tumors cannot be correlated with 
their cluneal behavior. These cells have been shown to he canable of amP f 
d.VIS,on and in tissue cultures have been noted to multiply Jhis me^^£ 
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most instances rather than by mitotic division. It is easy to see, therefore, why 
the absence of mitoses in these tumors has misled many observers into classifying 
the lesion as benign, only to have the lesion become frankly malignant. It is 
obvious that plasmacytomas cannot be classified on the basis of their microscopic 
appearances in the same manner as carcinomas. 

Gross appearance may also be misleading. Apparent encapsulation and 
sharp delineation from surrounding tissue have been noted in lesions which have 
given rise to metastases. Because plasma cells have been noted to be abundant 
in some inflammatory diseases, particularly syphilis, tuberculosis, and neisserian 
infections, many observers have regarded practically all lesions containing plasma 
cells as granulomas. These inflammatory lesions should be sharply separated 
from plasmacytomas such as the one reported here, in which there is little or 
nothing to suggest an inflammatoiy lesion. 


TREATMENT 

Sixt 3 '’-five per cent of the reported eases have been treated by surgeiy alone, 
about 18 per cent have been treated by a combination of surgerj’' and radiation, 
and the remainder have been treated by radiation alone. Some of the tumors 
reported were apparently radiosensitive and good results w'ere obtained but a 
number of others failed to respond to roentgenotherapy as did our case. Surgica 
treatment was then utilized when it was still feasible. In view of the good resu 
obtained in our one patient and the good immediate result obtained by surgica 
means in the other three plasmacytomas of the lung, surgery would certain y 
appear to be the treatment of choice wdien the lesion is pulmonary in origin. 
According to the results obtained in treated cases reported in the literature, i^ 
would seem that surgery is also the treatment of choice in those tumors e se 
where in the body that are accessible to removal. A number of these tumor 
have recurred, however, despite surgery and radiation combined. Apparen y 
the best results are obtained in tumors located in the conjunctiva, i^e con 
junctival tumors are benign lesions with few exceptions, though aj e ^ 
reported a case of plasmaejttoma of the conjunctiva which recurred lepea e j 
after several excisions. It has probablj’’ been these tumors of the conjunc iva 
that have led some workers into a misconception concerning plasmacytomas, n 
other locations in the body, the tumors have by no means been benign. e 
experiences of Couret, Shaw and Smith, Figi and Broders, and others testuy 
to the highly malignant behavior of a large percentage of extramedullary p asma 
cytomas. Certainly, it is safe to say that our knowdedge of these tumors is 
limited, and at present there is no means of determining in an individua case 
whether a plasmacytoma is benign or malignant provided, of course, metastases 
are not already obvious. Until we are able to make this determination in a Si^en 
case, we are inclined to agree wdth Figi and Broders that these tumors s ou 
be regarded as malignant and treated accordingly. 


SUMMARY 


A case of plasmacytoma 
left total pneumonectomy was 


of the lung in a 3-jmar-old girl is presented.^ A 
done, and the patient has been followed for eight 
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years and has no evidence of recurrence or metastasis. This is apparently the 
fourth reported ease of plasmacytoma of the lung proved clinically and patho¬ 
logically. A follow-up of eight years is presented with complete regression of 
advanced pulmonaiy osteoarthropathy and complete filling of the thorax by 
the remaining right Ivmg. A brief remew of the literature is presented in which 
it is pointed out that these tumors in many instances are malignant. Surgical 
removal is the treatment of choice in most cases of extramedullary plasmacytomas 
outside the conjunctiva, provided there has been no metastasis or invasion of 
vital structures. 
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PHYSIOLOGIC STUDIES FOLLOWING TIiOEACIC SURGERY 

II. Immediate Effects of Upper Lobectomy Combined AVith a 
Five-Rib Thoracoplasty 

AVilliam AV. Stead, AI.D. 
jMinneapolis, SIinn. 


INTRODUCTION 

T he first paper in this series reported on the immediate physiologic effects 
following each of three stages of a seven-rib thoraeoplastj'.^ The present 
work deals with a similar studj'' made following a one-stage operation in which 
an upper lobe was resected and a five-inh thoi’acoplasty was perfonned. 

In the search for a satisfactory procedure for the treatment of cavitaij 
and nodular active tubereulo.sis, manj’ surgical approaches are being tried h) 
I’arious groups. The combination of a five-rib thoracoplasty and an iippei 
lobectomy was devised to allow extirpation of the principal site of the disease 
without overexpansion of the lung tissue remaining in the chest.' * The thora 
coplasty was perfonned immediatel}" after the lobectomy and as a pait of tic 
same procedure. A subsequent report will cover the effects of seginenta an 
wedge resections. Since resectional procedures are relatively new, it ivas e 
advisable to obtain accurate observations upon patients subjected to 
operations and to compare the effects of the various procedures with the e ec s 
of a thoracoplasty. Thoracoplasty was selected as a standard for comparison, 
since the clinical effects of this operation are so well loiown. 

It is to be emphasized that this study was concerned only with the immedi¬ 
ate physiologic effects of the various procedures. No consideration vas »iic 
to the effects upon the tuberculous disease. 


METHODS 

The methods of study employed in this group of patients veie the sam 
as those reported in detail in the first paper of this series. 


CLINICAL MATERIAL 


Eleven male patients ranging in age from 20 to 59 years were se ecte o^ 
study. Each had previouslj^ been reviewed and accepted foi suigeij ij mem 
bers of the medical and thoracic surgical services. Bach patient ha pie omi 
nantly unilateral, upper lobe, cavitary and nodular tuberculosis. le con 
lateral lung was either clear or contained apparently stable tuberculous lesion . 
In one case (N. H.) there was pleural thickening over the lower and mid 
lobes on the involved side as a result of a previous therapeutic pneumothorax. 


From the Tuberculosis Service, Veterans Administration Hospital, Minneapolis, Minn., and 
the Department of Internal Medicine, University of Minnesota. j nj conclusions 

pubUs?^r=eihrM-a7^^^^^^^^ WirvS-S- redect the 

SpSj?n or policy of the Veterans Adrninistration. 

Received for publication, June 10, 1952. 
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In tins patient the middle and lower lobes were decorticated at the time of the 
lobectoniY-thoracoplastY. In one subject (H. R.) the right middle lobe was also 
removed because of nodular disease. In this same case there was emdence of 
pleural thiekeiiing over the contralateral lung as a result of a previous thera¬ 
peutic pneumothorax. This case will be discussed in detail below. One patient 
(L. D.) had silicosis (Stage II) throughout all five lobes, but functionally he 
did not constitute a special problem. Only one patient (W. H.) manifested 
any dyspnea on the exertion of ascending a flight of stairs. The comparison 
of the preoperative pulmonaiy functional studies with those of a group of 16 
normal residents is given in Table I. The only significant abnormalities were 
a decrease in maximum breatliing capacity, an increase in alveolar retention 
of nitrogen after seven minutes of breathing pure o.xygen, and an increase in 
the residual volume (Table I). 

T.\m.E I. Tiioii-vcopi-vsty axi> Lobectomy 


Oral temperature ('F.) 
Pulse rate/min. 
iletabolic rate (cal./lir.) 

Respiratory quotient 
-Arterial blood: 
pH 

CO. content mm./L. 
Pco3 (mm. Hg) 
Hemoglobin satura¬ 
tion (per cent) 
Pulmonary shunt (per 
cent) 


iCE.\.X XORMAI. 


35.0 ± 2.7 


0.00 ± 0.043 
7.40 ± 0.01 

21.30 ± 1.0 
30.0 ± 2.0 
00.5 ± 0.S2 


0 


MEAX PKEOPERATIYE 
0S.2 i 0.55 
7S.0 ± 12.5 
3S.S ± 5.0 

O.SO + O.OS 
7.30 ± 0.01 

22.37 ± 0.05 
43.3 ± 3.0 
OC.O ± 1.00 

0.5 ± 1.09c 


MEAX POSTOPER.VTIVE 

100.3 ± 1.25* 

lie ± 16.S* 

47.0 ± 5.7* 


0.76 ± 0.05 
7.37 ± 0.01 

22.40 ± 2.4 
46.0 ± 6.1 

SS.3 ± 6.5* 

15.0 ± 1.19^* 


V (c.c./min.) 
f (Respirations/min.) 
Vt (c.c.) 

Vn (c.c.) 


5041 ± 001 
12 ± l.S-* 
400 ± 5S 
144 ± 32 


Vo (c.c./min.) 
Vi (c.c.) 

^ COl (c.c./min.) 


1005 ± 421 
310 + 47.4 

212.3 ± 23 


Vi (c.c./min.) 

Vit.ai capacity c.c./M= 
Residual volume c.c./M= 
Reserve volume c.c./M= 
Total lung volume 
c.c./M:' 

RV/TLV per cent 
Index pulmonarv mi.xing 
(per cent X.) 
llnxinium breathing 
capacity L./min./AIc 


.3400 + 3S1 
2200 ± 274 
OSO ± 14S 
402 ± 110 
2070 ± 313 

23.0 ± 4.1 
1.45 ± 0.23 

00.7 i 5.7 


5S43 ± SOO 
13 ± 3.6 
470 + 105 
152.7 ± 30.2 

1712 ± 543 

271.4 ± S7.0 

203 ± 20.0 

3201 ± 450 
2210 ± 200 
034 ± 1051 
510 ± 13S 
3150 ± 2S3 

20.0 ± 5.11 
2.53 ± 0.S5t 

4S.S ± 7.31 


S405 ± 2350* 
22 ± 0.4* 
3S4 ± 61.1* 

161.5 ± 51.0 

3743 ± 2200* 
176.0 ± 40.0* 

237 ± 36.3* 

3005 ± 1140* 






- nanalysis reveals this mean 
or less). 

l.iin-.i in 1C normal =" 0 ^. 03 ’“” lessmBniflcantly from the mean value ob- 


......■•■...o.,, carlK... dioxide oo„,o,„. dioxide ..'..xion,' ...TpH 
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within normal limits. The mean for the oxygen dissolved in the arterial blood 
by breathing 100 per cent oxygen was not significantly different from the mean 
value found in normal subjects. From these data the portion of blood being 
shunted through nonaerated pulmonary tissue was found to be normal pre- 
operatively. This is consistent with the findings reported recently by Ebert.® 

RESULTS 

The mean results of the pre- and postoperative studies are recorded in 
Table I, and the changes illustrated in Figs. 1 and 2. 


Mean Temp, (oral) Mean Me+obolfe* Mean Respiratory Mean COj Content 

and Pulse Rate Rate Quotient of Arterial Bloorf 



Mean PH of Mean Pcoz^^ Mean Hemoglobin Mean Calcuiatcjl 

Artcrfol Blood Arterial Blood Soturotionof Art.Bld, Pulmonary Shunt 



Pig’. 1.—Physiologic changes following lobectomy-thoracoplasty (sixteen to twenty hours after 
surgery). Comparison of the preoperative and postoperative means. 

The mean oral morning temperature rose from 98.2° to 100.3° F. the day 
after surgery (Fig. 1, A). The mean preoperative pulse rate was 78 per minute, 
as compared with a mean of 116 per minute postoperatively (Fig. 1, J-). The 
mean postoperative metabolic rate was 38.8 cal./hr./M^ preoperatively and 47.0 
eal./hr./M^ postoperatively (Pig. 1, B). The above three changes were all 
statisticallj’" significant. The respiratoiy quotient remained essentially un¬ 
changed pre- and postoperatively (Pig. 1, C). 

The mean carbon dioxide content of arterial blood was 22.37 mm,/L. pre¬ 
operatively and 22.49 mm./L. postoperatively (Pig. 1, B). The pH of the 
arterial blood was 7.39 before surgeiy and 7.37 on the morning following tJie 
operation (Pig. 1, B). The mean Pcoz was 43 mm. Hg preoperatively and 45 
mm. Hg postoperatively. None of these changes proved to be of significance. 
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The mean arterial hemoglobin saturation irhile the patient iras breathing 
ambient air feU from 96.0 per cent preoperativelr to 88.3 per cent postopera- 
tivelv (Pig. 1, G). This change mas of statistical significance. 

The quantity of oxj-gen physically dissolved in the arterial blood by ex¬ 
posure to an alYeolar oxygen tension of about 600 mm. Hg by the breathing of 
100 per cent oxygen fell from 1.99 volume per cent preoperatively to 1.22 volume 
per cent postoperatively. From this fact one can calculate that a 0.77 volume 
per cent fall occuiTed in the oxygen content of the blood leaving the lungs. 
Such a faU mas probably a result of admixture of blood passing tlu’ough non- 
aerated lung tissue. This change represents a 15 per cent functional pulmo¬ 
nary shunt (Fig. 1, E). This degree of postoperative pulmonary shunt mould 
account for about one-half of the unsaturation of arterial blood mhich mas noted 
mhen the patient breathed ambient air. 


Mean Minutf Volunf Mrcn R^spiratonj Mean TTdol Volume 

of Ventilation Rote (f(Yj) 




Mcon Dead Space 
Ventilated /Mia(Vt)l 


Mean Alveolar 
VcntilationfV.) 



^5ccn CO;. Cxcrction 
per Minute I Vco t) 


Mean Alveolar Venti¬ 
lation /Min,(VA) 



Pre 


Post 


Pi'C Post Pre Po f 

Fip. 2.—Physiologic changes following lobectomv-thoraconlastv fsi.rfc.or, 

surgerj-). Comparison of the Preo-peratmrSL^‘U'tS^®4u^e 

c c /S ”'“r- « Pfeopetatke „ean ot 5,S43 

, - ^c.c./min. on the morning following suro'ei’v fFio’ ^ 

change mas accounted for largelv hv an increased rrtP - !• ’ 

to 22.0 per minute (Fie. 2, B). ' The tidaTvoW foil - f™tn 13.0 

rk«,«r.,iva,, ,a a 4 =.c^!^Ci^e,!'4Tp“cT“Tf 
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The volume of dead space ventilated each minute (physiologic dead space times 
the respiratoiy rate) rose from a mean of 1,712 c.c./min. preoperatively to 3,743 
e.c./min. postoperatively, a mean rise of 92 per cent (Fig. 2, E). This change 
was highly significant. Alveolar ventilation per breath decreased significantly 
from 271 c.c. before surgery to 176 e.c. shortly thereafter (Fig. 2, F). The rate 
of carbon dioxide excretion by the lungs rose from a mean of 203 c.c./min. pre¬ 
operatively to 237 c.c./min. postoperatively (Fig. 2, G). From this the calcu¬ 
lated alveolar ventilation per minute was found to be increased significantly 
from a mean of 3,261 c.c./min. preoperativel}^ to 3,695 e.c./min. on the morning 
after surgeiy (Fig. 2, 77). Both of these alterations were statistically significant. 

Comparison of These Effects With Those of Thoracoplasty .—The mean 
phj'siologic effects of upper lobectomy in combination with a five-rib thoraco¬ 
plasty were compared statistically with the mean effects rendered by each stage 
of a seven-rib thoracoplastj' (reported in the first paper of this series). Tho¬ 
racoplasty was used for comparison because its clinical effects are so well known 
that it can serve as a standard by ■which the effects of other surgical procedures 
can be judged. A lapse of si.xteen to twenty hours ■ivas allowed after surgery 
before making the postoperative observations in order to allow for the com¬ 
pensation of the effects of general anesthesia (pentothal-curare) used in the 
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3 .—Comparison of the physiologic changes following* lohectomy-thoracoplasty 
those following* thoracoplasty alone. The first bar represents 100 per cent of the 
value for each patient individually. The second bar represents the weighted 
change of the three postoperative determinations in ten patients undergoing a three-stage, 
seven-rib thoracoplasty. 
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present series of patients, since only local anesthesia uns used in the thoraco- 
plastv series. The data collected after such compensation should he comparable 
to tliose obtained after thoracoplasty. The means of the percentage change 
from the indiYidual preoperative xalues n-ere compared for the two groups by 
the use of the t test. The most significant data are presented m Fig. 3 m 
the postoperative changes following the two procedures are compared witb tne 
mean preoperative values as 100 per cent. 

The increase of 44 per cent in the respiratory minute volume following 
lobectomy-thoracoplasty was significantly greater than the increase of 24 per 
cent following each stage of thoracoplasty alone (Fig. 3, A). Other measure¬ 
ments which showed a statistically greater alteration in the present series over 
those found in thoracoplasty were; (1) a fall of 16 per cent in tidal volume 
(Fig. 3, B); (2) a fall of 33 per cent in tidal alveolar ventilation (Fig. 3, B); 
(3) a rise of 92 per cent in volume of dead space ventilated per minute (Fig. 
3, B); (4) a rise of 13 per cent in minute alveolar ventilation (Fig. 3, F) asso-^ 
eiated with an increase of 17.5 per cent in the elimination of carbon dioxide 
(Fig. 3, G) ■, (5) a rise of 77 per cent in respiratory rate (Pig. 3, S ); and, (6) a 
rise of 28 per cent in metabobc rate (Fig. 3, I). There was a small rise in 
physiologic dead space (Fig. 3, C) (14 per cent) which was similar to the 
change observed after each stage of thoracoplasty. This is probably attributable 
to the increased rate of respiration. 

The rise in the temperature and pulse rate was significantly greater in this 
series of patients than in the patients undergoing thoracoplasty. Carbon dioxide 
content, pH, and carbon dioxide tension of the arterial blood were not altered 
significantly in either series sixteen to twenty hours after completion of the 
surgery. This fact gives evidence that the effects of general anesthesia had been 
compensated since it has been shown that respiratory acidosis due to GO, re¬ 
tention occurs during thoracic surgery performed under general anesthesia. 

These data indicate that the lobectomy-thoracoplasty combination was of 
significantly greater magnitude than one stage of a thoracoplasty. 


CASE REPORT 

One death occurred in. the present series, and it seems rvortli vrliile to consider the data 
obtained in detail. The patient, H. R., was a white man aged 41 wears. Sistory: Bilateral 
upper lobe infiltrate was first discovered on separation roentgenogram in 1944. Sputum Was 
found to be positive for tubercle bacilli. He was asymptomatic e.\cept for mild ease of 
fatigue; lie was hospitalized and treated with bed re.st from June, 1944, to June, 194G 
wlien an artificial pneumothorax was induced on the left. There were no complications with 
tlic induction, but pleural fluid began to accumulate after two years. The sputum became 
negative thereafter, and he was di.xcharged from the hospital in' November 1947 Pneumo 
thorax was continued on an outpatient basis, and he returned to school. In October 1949 
there was a recurrence of ease of fatigue accompanied by pain in the right side of the chest' 
Be ‘‘J-nUed to this hospital at that time. Several gastric washings had been positive 
-mce 194,. r^cal Prom.aotioa; He was weU developed and well nourished and was in 
no distress. Representative roentgenograms are shown in Fig. 4. \t the time of 
there was evidence of a bilateral nodular infiltrate and some nleural thintm ' ^ surgerv 

Bo pneumothorax remained on the left. Plani-rams of the ri^ht l' left, 

infiltration with cavitation. The left side slmwed pleural tMcien^g.'^^t vM tpaS^ 
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in February, 1951, was 4,200 c.c. and was rapidly expelled. Differential broncliospirometry 
revealed that tlie left lung accounted for 35 per cent of the total ventilation and oxygen 
absorption. The patient was treated with bed rest from October, 1949, to March, 1951. No 
chemotherapy was used during this period. 

On March 19, 1951, resection of the right upper lobe was attempted. Because of exten¬ 
sive tuberculous involvement of the middle lobe, it was also sacrificed, and a five-rib posterior 
thoracoplasty was performed to close the dead space. The patient was dyspneic from the 
time of the surgery, and the respiratory' rate ranged from 40 to 48 per minute. Oxygen 
therapy gave little or no relief of the dyspnea, but did relieve the cyanosis. On March 22, 
1951, there was a sudden onset of auricular fibrillation, but the normal sinus rhythm was 
restored by the intravenous administration of Cedalanid. He showed occasional episodes of 
disorientation. He became moderately cyanotic when breathing room air. Drainage catheters 
were removed on the fourth postoperative day, and the wound was noted to be healing 



Pie 4._Case H. R. Upper left, film taken In November, 1944 ; upper right, film taken 

in March 1947' lotoer left, June, 1949 ; and lower right shortly before surgery in March. 
19 SI The left pneumothorax is seen in the 1949 film, and the pleural residuals are brought 
out in the film of March, 1951. The nodular disease in the right upper and middle lobes was 
better demonstrated by planigraphy. 
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a™a. 1 b visitors left he commentea to the norse that he felt ”all tirea 
m spite of oneonscious rvith very rveak gasping respirations ana 

rau=hy ^^vTa-Bis. He expirea inthin a ferv minutes. The pulse mas notea to be present 
after?eSa lost consciousness, bnt there mas no mention of its character. 

Table XI. Case H. B.—14 hi. 


pkeopeeattve 


C.C./AI2 

Rcshlual volume 
C.C./1I2 

Reserve volume 
C.C./M2 

Total lung volume 

C.C./hl2 

BV/TLV per cent 
Index pulmonary 

mixing (per cent Nj) 
Maximum breathing capacity 
L./min./M= 

Surface area (Mr) 


1,759.00 

963.00 

2S0.00 

2,722.00 

35.40 

4.25% 

40.62 

2.16 


POSTOPEnATIVE 


Oral temperature (“B.) 

Pulse rate per minute 

Metabolism rate 
(Cal./hr./M=) 

Respiratory quotient 

Arterial blood: pH 

COj content inm./Ii. 

Pr« (mm. Hg) 

Hemoglobin saturation (per 
cent) 

Pulmonary shunt (per cent) 

97.S0 

82.00 

34.70 

0.80 

7.39 

24.28 

47.00 

94.20 

0.00 

101.20 

126.00 

48.60 

0.76 

7.34 

20.79 

45.00 

S4.9 

11.90 

i' (c.c./min.) 
f (resp./min.) 

Tr (c.e.) 

Vo (C.C.) 

6,045.00 

15.00 

403.00 

150.20 

14,270.00 

46.00 

Sll.OO 

171.20 

■I'd (c.c./min.) 

Vi (C.C.) 

2,253.00 

206.80 

7,S75.00 

9S.S0 

■i'eo: (c.c./min.) 

20.90 

281.00 

Vi (c.c./min.) 

3,101.00 

4,313.00 


PEP. CERT CHARGE 


•iS.o 

—00,7 

-5.0 

-0.7 

-14.4 

-4.2 

-9.9 


^ISo.i 

■rSOB.O 

-S2.S 

^li.O 

■^SiS.o 

-IIS.O 

4S4.4 

+59.1 


Physiologic measurements mere obtained before surgery and sixteen hours after tlie 
completion of the eight-hour surgical procedure. These data arc given in Table IL It can 
be seen that the arterial blood shomed no dangerous abnormality at the time of the post¬ 
operative study (sixteen hours after surgery). The amount of carbon dioxide excreted mas 
increased in association mith a slight fever. This stimulated an increased alveolar ventilation. 
The tidal volume mas limited to 311 c.c. instead of the preoperative value of 403 c.c. In 
association nith these alterations there mas a rise in the respiratory rate from 15 to 46 per 
minute, which resulted in maintenance of adequate alveolar ventilation. This increased 
respiraton,- rate entailed an increase in dead space ventilation from 2,253 c.c. per minute to 
7,575 C.C. per minute. The great burden which this situation constituted mas not fullv an 
prw.atcd at the time. The patient died rather suddenly after talking with visitors Autousv 
f.a>lcd to mvcal a definite cause of dc.ath. The remaining lung tissue showed no congestion or 
edema to md.cate heart failure, and the heart mas normal. Tliere mas no clot in the pulmonarv 
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artery. The pleura over the left lung was thickened, and the underlying left lung contained 
many caseous nodules which proved to be typical of tuberculosis on section. The presumption 
is that the crippled and encapsulated left lung was barely able to carry the respiratory load 
postoperatively. The tidal volume was limited not only by the pain of the operated (right) 
side, but also by the pleural residuals on the left. We postulate that the diaphragm eventually 
became so fatigued that it would no longer respond with rhythmic contractions. It is felt 
that the increased production of carbon dioxide coupled with some crippling of the con¬ 
tralateral lung, the limitation of the tidal exchange, and a rather significant degree of 
paradoxical respiration associated with the five-rib thoracoplasty all contributed to the death. 
It is quite possible that a decrease in the volume of phy-siologic dead space (i.e., tracheot¬ 
omy) might have allowed adequate alveolar ventilation to be accomplished with a great deal 
less effort. This is postulated because of the fact that the greatest abnormality found in the 
physiologic data n-as in the tremendous incieasc in the ventilation of the dead space. 

DISCUSSION 

Resectional surger.y as a primaiy approacli to tlie therapj" of pulmonary 
tuberculosis is still in tlie developmental stage. The magnitude of the resection 
may vary from the removal of a small caseous nodule to a complete pneumo¬ 
nectomy. A great deal of work is currently being done in evaluating the efficacy 
of the various procedures as tools in overcoming tuberenlosis. Tlie present work 
is an attempt to detemine tlie physiologic magnitude of each procedure, in 
order to aid in the selection of patients wlio are suitable for the various pro¬ 
cedures. No consideration has been given to tlie therapeutic efficacj’’ of the 
operations. 

The most important principle involved in the modern surgical approach 
to pulmonary tuberculosis seems to he the extirpation of the significant disease 
without overexpansion of the remaining pulmonary tissue. Where the volume 
of tissue removed is small the problem of overexpansion is probably not im¬ 
portant. But where as much as a lobe or major part thereof is to be removed, 
many surgeons and internists alike feel that there is an advantage in lessening 
the space wliich must be filled by the remaining lung tissue. 

It was for this reason that a one-stage lobeetomj^ and five-z'ib thoracoplasty 
was tried somewhat as a short cut to avoid two separate procedures.^'^ The 
present study was undertaken in order to define the phj^siologic magnitude of 
this tj"pe of surgery and to compare it with the familiar effects of thoracoplasty. 

All procedures which involve the removal of several ribs have one thing 
in common: i.e., the presence of a flail chest wall. Tlie first paper in this series 
attempted to point out the disadvantage at wliieh thoracoplasty places the 
respiratory^ mechanism. It was shown tliat tidal volume is limited immediately 
postoperatively (probably by pain and by tlie presence of paradoxical respira¬ 
tion). This necessitates an increased respiratory rate if alveolar ventilation is 
to be maintained. The maintenance of even the same rate of excretion of 
carbon dioxide is then more difficult than before surgery. The disadvantage 
against wliicli the patient is working may be accentuated by the need for an 
increased rate of carbon dioxide elimination, such as occurs (1) with the acidosis 
which develops during general anesthesia, and (2) with postoperative fever. 

The data lierein presented reveal the physiologic magnitude of the eomln- 
nation of lobectomy and five-rib thoracoplasty to be significantly^ greater than 
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that of one stage of a scven-vih thoracoplasty. Tl>e increases in the inctaholie 
rate, postoperative temperature, pulse rate, and earl.on dioxide excretion xvorc 
all significantly greater in the present scries than in any stage of thoraeoplastj 
alone That the hodv labors under the same type of disadvantage following 
both procedures is shown by the limitation of tidal volume and tidal alveolar 
ventilation, and the great increase in i-espiratory rate and in dead-space venti- 
lation. 

The practical importance of these observations is obvious. It seems elcai 
that the selection of patients who are suitable for the combination of resection 
and thoracoplasty must he rather carefully made. The mechanical and jihjsi- 
ologic disadvantage at which the body is placed is very similar for the two 
procedures, probably because both involve the removal of several ribs with the 
resultant loss of respiratory efficiency. However, the magnitude of the effects 
associated with combined lobectomy-thoracoidasty is significantly greater than 
those associated with thoracoplasty alone, iirobahly because of the greater surgi¬ 
cal trauma associated with jmlmonary resection per se. 

It should be emphasized that the observations reported here were made 
after the sub,iects had accomjilisbed complete correction of the rcspirator.v 
acidosis which commonly occurs during thoracic surgical procedures. Tlic need 
for eliminating the extra carbon dioxide which is frecjuently retained during 
general anesthesia may temporarily impo.se a very hca\y load upon the crippled 
respiratory mechanism. An increase in the rate of respiration constitutes the 
only means by which the body can accomplish sufficient ventilation to achieve 
the elimination of any extra carbon dioxide. It is ob\’ious that a patient with 
a greatly limited maximum breathing capacity and exercise tolerance before 
surgery might be unable to increase the rate and volume of ventilation suffi¬ 
ciently to meet the demands placed upon the respiratory system in the post¬ 
operative period. In the case of H. R. (reported above) there was a combination 
of pulmonary insufficiency, lung encasement, and paradoxical chest motion. 
It was only by great effort that he was able to maintain a passable alveolar 
ventilation. Finally, after the mild exertion of talking with visitors, the mus¬ 
cles responsible for carrying the extra work of respiration became fatigued 
and respiration ceased. 


SUMMARY AND CONCLUSIONS 

1. Eleven male patients undergoing an upper lobectomy in combination 
with a five-rib thoraeoplastj' were studied in the manner previously reported 
from this laboratory. 

2. The inefficiency of the respiratory mechanism followdng lobectomy- 
thoracoplasty was significantly greater than that found immediately foUowin- 
each stage of thoracoplasty alone. ALso, the magnitude of the stress placed 
upon the body by the combination of lobectomy and thoracoplasty was 4eater 
than that imposed by each stage of thoracoplasty alone. 

3. There was one postoperative death in the present senVs u • 

» teedbed in d„ail. The most aisnifieant fca.n.i St f 

maraasa .n ,be naspiraio.,. ...,a ,„a, i„ a, fcd-ap.ac vanSatrand Sfda! 
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artery. Tlie pleura over the left lung rvas thickened^ and the underlying left lung contained 
many caseous nodules rvhioli proved to be t.V'plcal of tuberculosis on section. The presumption 
is that the crippled and encapsulated left lung was barely able to carry the respiratory load 
postoperatively. The tidal volume was limited not only by the pain of tlie operated (right) 
side, but also by the pleural residuals on the left. We postulate that the diaphragm eventually 
became so fatigued that it would no longer respond with rhythmic contractions. It is felt 
that the increased production of carbon dioxide coupled with some crippling of the con¬ 
tralateral lung, the limitation of the tidal exchange, and a rather significant degree of 
paradoxical respiration associated with the five-rib thoracoplasty all contributed to the death. 
It is quite possible that a decrease in the volume of physiologic dead space (i.e., tracheot¬ 
omy) might have allowed adequate alveolar ventilation to be accomplished witli a great deal 
less effort. This is postulated because of the fact that the greatest abnormality found in the 
physiologic data was in the tremendous increase in the ventilation of the dead space. 

DISCUSSION 

Eesectional surgery as a primaiy approach to the therap}"^ of puhnonaiy 
tuberculosis is still in the developmental stage. The magnitude of the resection 
may vary from the removal of a small caseous nodule to a complete pneumo¬ 
nectomy. A great deal of work is eurrentlj’^ being done in evaluating the efficacy 
of the various procedures as tools in overcoming tuberculosis. The present work 
is an attempt to detennine the physiologic magnitude of each procedure, in 
order to aid in the selection of patients who are suitable for the various pro¬ 
cedures. No consideration has been given to tlie therapeutic efficacy of the 
operations. 

The most important principle involved in tlie modern surgical approach 
to pulmonary tuberculosis seems to be the extirpation of tlie significant disease 
without overexpansion of the remaining pulmonary tissue. Where the volume 
of tissue removed is small the problem of overexpansion is probably not im¬ 
portant. But where as much as a lobe or major part thereof is to be removed, 
many surgeons and internists alike feel that there is an advantage in lessening 
the space which must be filled by the remaining lung tissue. 

It was for this reason that a one-stage lobectomy and five-rib thoracoplasty 
was tried somewhat as a short cut to avoid two separate procedures.^'* The 
present study was undertaken in order to define the phj^siologic magnitude of 
this t 3 'pe of surgerj’^ and to compare it with the familiar effects of thoracoplasty. 

All procedures which involve the removal of several ribs have one thing 
in common; i.e., the presence of a flail chest wall. The first paper in this series 
attempted to point out the disadvantage at which thoracoplast 3 ^ places the 
respiratoiy mechanism. It was shown that tidal volume is limited immediately 
postoperativel 3 ' (probabB^ b 3 ^ pain and b 3 '^ the presence of paradoxical respira¬ 
tion). This necessitates an increased respiratoiy rate if alveolar ventilation is 
to be maintained. Tlie maintenance of even the same rate of excretion of 
carbon dioxide is then more difficult than before surgeiy. The disadvantage 
against Avhich the patient is ivorking may be accentuated h3" the need for an 
increased rate of carbon dioxide elimination, such as occurs (1) ivith the acidosis 
which develops during general anesthesia, and (2) with postoperative fever. 

The data herein presented reveal the physiologic magnitude of the combi¬ 
nation of lobectomy and five-rib thoracoplasty to be significantly greater than 
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that of ouo stairc of a scven-ri1> thoracoplasty. The i.icroases in the ntctaholic 
rate, postoperative temperature, pulse rate, and carhon dioxide excretion were 
all sicnificantly greater in the present seric.s than in any .stage of lhoraeoplast> 
alone That the hodv lahors under the same type of disadvantage following 
both procedures is shown by the limitation of tidal volume and tidal alveolar 
ventilation. ai\d the great increase in respiratory rate and in dead-space venti- 
lation. 

The practical importance of the.se observations is obvious. It seems clear 
that the selection of patients who arc suitable for the. combination of resection 
and thoracoplasty must be rather carefully made. The mechanical and plnsi- 
ologic disadvantage at which the body is placed is veiy .similar for the two 
procedures, probably because both involve the removal of several ribs uith the 
resultant loss of respiratory efficiency. However, the magnitude of the effects 
associated with combined lobectomy-thoracoiilasty is significantly greater tban 
those associated with thoracoplasty alone, probably because of the greater surgi¬ 
cal trauma associated with pulmonary i-c.section per sc. 

It should be emphasized that the observations reported here were made 
after the subjects had accomplished complete correction of the respiratory 
acidosis which commonly oeevu's during thoracic surgical procedures. The need 
for eliminating the cxti'a carbon dioxide which is frequently retained during 
general anesthesia may temporarily impose a very benvj' load u]mn the crippled 
respiratory meehanism. An incro.asc in the rate of respiration constitutes the 
only means by which the body can accomplish sufficient ventilation to achieve 
the elimination of any extra carbon dioxide. It is obmons that a patient witli 
a greatly limited maximum brcatliing capacity and exercise tolerance before 
surgerj' might be unable to increase the rate and volume of ventilation suffi¬ 
ciently to meet the demands placed upon the respiratory .system in the post¬ 
operative period. In the case of H. R, (reported above) there was a combination 
of pulmonary insufficiency, lung encasement, and paradoxical chest motion. 
It was only by great effort that he was able to maintain a passable alveolar 
ventilation. Finally, after the mild exertion of talking witli visitors, the mus¬ 
cles responsible for carrying the extra work of respiration became fatigued 
and respiration ceased. 


SUMMARY AXD COXCLUSIOXS 


1. Eleven male patients nndergoing an upper lobectomy in combination 
u-ith a five-rib thoracoplasty were studied in the manner previouslv reported 
from tMs laboratory. 


2. The meffieieney of the respiratory mechanism folloudno- lobectomv 

thoracoplasty was significantly greater than that found immediately foUowiim 
each stage of thoracoplasty alone. Also, the magnitude of the stress nlaccd 
upon the body by the combination of lobectomy and thoracoplasty was heater 
than that imposed by each stage of thoracoplasty alone. eater 

3. There was one postoperative death in the present series ■ 

B described in det.U. The most signifeant features of the caseVere th 
metease m the respiratorj- rate and in the dead-spa.e ventilation and affc 
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crease in tidal exchange. Autopsy revealed no cause of death, and it is con¬ 
cluded that tlie physiologic alterations found probably afford an adequate ex¬ 
planation for tliis postoperative death. 

4. It is concluded, finallj^, that only patients vdth good respiratory reserve 
should be selected for a combination of thoracoplasty ('which greatly cripples 
the efficiency of the respiratory mechanism) and pulmonary resection (wliieli 
imposes a considerablj^ greater load upon the body than does thoracoplasty 
alone). 

The author is indebted to Dr. E. V. Ebert for much helpful advice, and to Shirley 
Lundgren and Jolin Oganovich for technical assistance. 
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THE INTE ATHOEACIC USE OF THE EAliCHS HOWIJI. AFTEI! 
SUBTOTAL ESOPILVGECTOMY FOR CANCER 
Repout ok One Case 


L. n. CAMAKA-Loin-:s, JI.l)., 

Sao Paulo, Bisazil 

'X'HE sxivgical management of lesions of the eso])h:igiis lias jmino\e(l con- 
1 siderably in the last fifteen years because of advances in the field of modern 
anesthesia and the discovery of new antibiotic drugs. However, the recon- 
stniction of the oigan after resection, or its complete sulistitulion when neces¬ 
sary, is a problem still challenging the sldllfulness of all those who luuc tiled 

to solve it. ■ • r 1 1 

The raultipbcity of approaches to the esophagus, the variety of methods 

used, and the continuous appearances of new publications on the subject show 
that esophagoplasti" has not yet come to its final stage of development, and that 
something is still unconquered by the surgeon. In reviewing these techniques 
we felt that perhaps the utilization of a segment of transverse and descending 
colons could give us a better chance to com])letc the operation begun by the 
esophagectomy, restoring the continuity to this part of the alimentary eanal. 


CASE REl’OKT 


J. D. L leas a ol-year-old, ivUite, married, Portuguese mnu, a balier. lie c.amo to tlie 
surgical clinic in November, 1950, complaining of retrosternal pain and progressive dys¬ 
phagia for the last three months. Ho complained that he could not even drink water 
during the two days before admission. At the physical examination it seemed that he 
had lost much weight, but he still looked well. The blood pressure was 130/SO. TIio 
fluoroscopic examinatioa* revealed an obstruction localized between the upper and the 
middle thirds of the esophagus, showing irregular filling at the level of the aortic arch, 
with subtotal stenosis. Adequate preoperativc care restored the blood cells to normal and 
the serum proteins to their level; the patient was considered in good condition for an 
operation. On Dec. 29, 1950, he was operated on under endotracheal general anesthesia 
(ether-oxygen mixture). Induction was carried out with sodium pentothal. The chest 
was entered through the left side, the sixth rib being resected in its whole extension' 
(Fig. 1). Also the posterior segment of the fifth rib was resected. On exploring the 
mediastinum a tumor was identified in the esophagus at the level of the aortic arch. 
Further examination revealed thisitumor spreading all over the organ to the diaphragm, 
but it did not invade the periesophageal tissues, thus permitting the dissection of the 


organ from the surrounding structures. Firm adhesions fixed the aorta and the esophagus 
at the level of the aortic arch. The diaphragm was then opened from its esophageal hiatus 
to the anterior abdominal wall and exploration was performed for metastasis in the Uver 
and lymphatic nodes. As these structures were free from metastasis the stomach was 
sectioned from the esophagus just below the cardia and this opening closed with iuvertine 
cotton sutures in two planes. The lower end was closed with cotton in a purse-string 
fashion and the esophagus was easily isolated from the mediastinum to the aortic arch 
At this point the adhesion was very firm, but it also came away. Palpation conducted 

or^In the 
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As the patient was in a ver 3 ' poor general condition at this moment and the stomach 
was verj^ small and retracted, it was felt that it would he difficult to bring it up to an 
anastomosis with the proximal end of the esophagus in the neck. As the dissection of the 
esophagus was completed up to the neclc, it was loft in the mediastinum, its lower end 
covered by a rubber finger, and the thorax was closed with nonabsorbable suture material 
bj' planes. The patient was then placed on his back and a gastrostomy of the Witzel type 
immediately performed; following an incision on the anterior border of the left sterno¬ 
cleidomastoid muscle the total thoracic esophagus was brought up to the neck and ex¬ 
teriorized (Fig. 1). The cervical esophagus also presented tumorlike nodules and for this 
reason it was resected, leaving only' the first 3 or 4 cm. of the organ wffiich were free of 
tumor masses. The proximal end of the organ was implanted in the skin of the neck where 
it formed a fistula. It must be emphasized that an attempt was made to remove all tlie visible 
periesophageal lymph nodes togetiier with the organ while performing this subtotal esopha¬ 
gectomy' for generalized cancer. 



Fig. 1 .—Patient showing- incisions in the neck and chest; the cerv'ical and epigastric fistulas. 

A grayish fragment of this tumor tissue from tiie wall of the organ as well as a black 
lymph node were sent for pathologic examination. 

Microscopically', the first of them shotved an immature neoplasm of epithelial cells 
whose elements were grouped in irregular blocks exhibiting great polymorphism, as well 
as ty'pical and atypical mitosis. The second material showed the structure of lymphatic 
nodular tissue substituted by connective proliferation presenting hyalinized points filled 
by anthracotic pigment and negative images of crystals together with small areas of neo¬ 
plastic blocks of the type described. Piagnosis* was squamous carcinoma of the esophag¬ 
eal wall, carcinomatous metastasis in the lymph node, anthracosilicosis of the lymphatic 
gland. 


•By Dr. Walter E. Maifei. 
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The cHy ,osto,ora.he period .as but 

:!;rw7*ii:r;:«.....- ... ”■= 

pounds. 



Fig. 2.—Superficial aspect of tlic entire c-^ophagus. 

Fig. 3.—The esophagus openea through a longituilinal section sliowlng the tumor along 
its surface. 


Unfortunately the idea of eating by mouth had grown more and more in the patient 
and finally forced us to perform the second stage three months after the first stage, and 
therefore three months before the time was up, which had been hoped for as an observa¬ 
tion period for possible metastasis. In March 31, 1951, after a convenient check-up of his 
condition, a reconstruction of the passage was attempted. In a right dorsal lateral posi¬ 
tion (45 degrees more or less) and under the same anesthetic mixture the patient was again 
operated on. Starting at the left paravertebral region an incision was made resecting the 
scar of the previous operation extending to the costal margin which was sectioned. This 
same incision was then extended downward to the abdominal anterior wall and parallel to 
the internal border of the left rectus muscle to the extent of three fingers below the 
umbilicus (Fig. 4). Both thoracic and abdominal cavities were opened, the diaphragm 
being sectioned in the same direction as before. It was decided to leave the feeble ad¬ 
hesions between the left lung and the thoracic wall to be freed just after the accomplish¬ 
ment of the abdominal stage. 

On exploring the peritoneal cavity a retracted stomach was found, strongly adherent 
by the previous gastrostomy to the anterior abdominal wall and also to the "astrohepatic 
ligament. There were found in this last structure some hard and gravish masses which 
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were dissected and proved to be carcinomatous metastases. There were no suspected 
nodules in the mediastinum. 

The great omentum w’as then isolated from the transverse colon and its connections 
to the splenic angle. Afterward the transverse and descending mesocolons were explored 
and their arterial circulation studied carefully. The middle colic artery was easily 
identifled by its diameter and preserved. All other branches to the left were ligated to its 
inosculation to the first sigmoid artery, which also was preserved. The next step was 
the dissection of the transverse and descending mesocolons in their entirety. In this 
dissection care was taken to preserve the middle colic artery and all its branches together 
with the isolated loop that we wanted to free, maintaining in this way its blood supply. 
By this procedure we got a long and movable colonic segment attached to the abdomen by 
only' a long mesocolic pedicle containing the middle colic artery (Fig. 5). This pedicle 
reached the isolated colonic segment near its proximal extremity (that is, the right end of 
the isolated loop). 




Pig. 4.—Line of incision utilized in the attempt to perform an intrathoracic esophago- 
plasty. 

Fig. 5.—Diagrammatic sketch allowing the segments of isolated colon used in the chest 
and the circulation used. 


The colonic continuity was re-established by an end-to-end continued suture with 
chromic catgut, using the Vaseoncellos clamp. A second plane using cotton stitches was 
done over the first one. The opening in the mesocolon was closed completely, then the 
proximal end of the isolated colonic segment was anastomosed to a new opening made at 
the highest point of the gastric w-all by continuous chromic catgut suture in two planes. 
Careful attention was given to the arterial mesocolic pedicle which occupied a better 
position posteriorly to the stomach where it was not exposed to any traction. Also care 
was taken not to twist this isolated loop to the stomach. After his cologastric anastomosis 
was ready, the stomach was brought up as far as possible to the esophageal hiatus of the 
diaphragm" now wide open and fixed to the borders of this muscle, with the intention of 
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preventing nny traction on the colognstric suture. This nrnneuver pormittod n small por- 
Uou of the stomneh, containing colognstric anastomosis, to romnin suprudmphragmnt.cn .. 
Sufficient room ^^-ns left hetu-cen the stomach and the border of the diaphragm for passn c 
n-ithout constriction of the arterial pedido going to the isolated segment. In order to 
avoid any possible damage to this pedicle, a splenectomy was earned out. Ihe left 
pleural space was then freed of its adherence to the left lung and the isolated segment was 
inducted and placed in a good position to the intcrnnl .side of the posterior thornc.c nnll 
near the mediastinal aspect, where it was fixed by aneboring stitclics. The diaphragm wn.s 
then completely closed to the most anterior portion. The nbdomcn was also closed in 
planes using cotton interrupted suture. 

A left cervical incision over the anterior scar was made and all the oleinents were 
incised and retracted until n plane could bo reached posterior to the left clavicle. Through 
the left transthoracic opening a connection was tried between the cervical region and the 
highest part of the left thoracic cavity, close to the middle line. During this procedure a 
large retroclavicular venous blood vessel wns severed, producing n homorrhnge uliich wns 
controlled with great difficulty. As the patient entered homorrhngic shock we were obliged 
to alter plans for this intervention, and instead of making the cervical niinstomosis be¬ 
tween the esophagus and the colon at this stage wo decided to implant the colon to the 
anterior thoracic wall. The distal end of the isolated colonic ioop wns iistnlized to an 
opening made in tlic left, second intercostal space, two fingers from the sternal border. 
It was sutured by interrupted cotton stitches in two planes, one musciilar and the other 
cutaneous. Penicillin and streptomycin were placed in the left cavity which wns closed 
by planes without drainage. The left cervical incision wns then closed by interrupted 
cotton sutures. 

In summary, an attempt was made to perform an intratliorncic reconstruction of tho 
esophagogastric continuity by using antipcristalticnily a segment of transverse and de¬ 
scending colons after a subtotal esophagectomy for enreinomatosis of tho esophagus (Figs. 
2 and 3). 

Even though this patient was able to re-establish his blood pressure seven hours 
after the operation a new hemorrhage at the same point brought him again into shock. 
Treated correctly his blood pressure returned to its normal level. However, forlj'-eight 
hours after the intervention there was a verj- serious overflow of saliva and other secretions 
to the tracheobronchial tree. Two bronchoscopic aspirations were iiccessarj- to restore 
his general condition to normal once more. At the end of the third postoperative day he 
had the first spontaneous bowel movement, with a second'one during the night. 

Also the intrathoracic loop started to move, beginning by eliminating feoaloid fluid 
material and later gastric contents. By introducing a tube into the chest opening, this 
loop could be washed of its contents with saline solution. After this procedure it was 
noted that any fluid introduced into the loop could be seen appearing spontaneously 
through the gastrostomy some time later demonstrating that this loop was functioning 
toward the stomach. ” 

The general condition of this patient improved rapidly, and ho reported he felt much 
better. In the afternoon of the eighth postoperative day following a severe cough there 
was dehiscence of the abdominal part of the surgical wound, through wliich ieiunal loons 
were protruding. Developing shock, he was again taken to the operating table and nnier 
general anesthesia all the protruding jejunal loops were put back into the peritoneal 
cavity. The examination of the peritoneal cavity made at this moment did not reveal 
abnormality or any sign of dehiscence of the colocolic anastomosis whatever However 
a certain amount of serofibrinous exudate was found in flm j ’ 

the prolonged evisceration of the loops. P«fand 
peritoneal cavity before it was closed by separated cotton stifehes^ n 
came out of shock and there was an improvement in his general e Patient 

symptoms and signs indicated a better local condit n' S wa ^^^ 
x-ray pictures taken of the patient in bed during thirXSSvrper^d 
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Suddenly on tlie niglit of tlic eleventh day he felt ill and died. The autopsy report, 
performed at the Institute Adolpho Lutz, presented the following main points. 

General Data .—A white, adult man presented tliree cutaneous fistulas localized as 
follows: The first, on the anterior border of the sternocleidomastoid muscle, two fingers 
above the internal end of the left clavicle; the second, two fingers from the left sternal 
border, in the second interspace; the third in the epigastric region, in the middle line, 
where a rubber tube can bo seen. Three surgical incisions wore noted: The first corre¬ 
sponding to the first fistula along the muscle; the second already healed in the middle line, 
xipho-umbilical, where there was a third fistula. The third surgical scar was recent and 
irregular, going from the left paravertebral space to the anterior aspect of the chest 
forming an arch over the left sixth rib, to the costal margin and downward over the 
anterior rectus muscle to a point inferior to the umbilicus. This last incision presented 
cotton stitches over its line. By opening this incision it was noticed that the sixth rib had 
been removed surgicall}’. Both chest and abdominal cavities were then open and onl} 
separated by the diaphragm. In the abdomen it was noticed that a serofibrinous exudate 
extended over the cavity. In the left side of the abdomen there was a fecaloid material 
exuding from a dehiscence in the line of suture of the end-to-end anastomosis between the 
right part of the transverse colon and the sigmoid colon. It was still noted that the 
stomach was attached to the anterior abdominal wall, where there was a gastrostorny. The 
highest part of the stomach was sutured and surrounded bj' the diaphragm entering into 
the thorax to some degree. By cutting the stitches on the diaphragm it was observed t at 
a pedicle of the mesocolon entered the chest cavit 3 ’ behind the stomach. On opening t ie 
diaphragm, a dark fluid was emitted from the left pleural cavitj'' to the abdomen. le 
transverse and descending colons were in the left pleural cavity extending from le 
second, loft interspace to the highest part of the stomach. Both the superior colonic ex 
tremity as well as the cologastric anastomosis showed good healing. There was no sp een 
(removed). 

Diagnosis .—Generalized peritonitis due to dehiscence of anastomatic lino of the^ end 
to-end colocolic suture. Gastrostomy (operation). Colostomy in the second left m 
space (operation). Supradiaphragmatic cologastrostomj* in the left pleural space (opera 
tion). Fistula of the esophagus on the left side at the base of the neck (operation;. 
Splenectomy (operation). 

Description of Organs Innolned.—Esophagus: It is noted that the esophagus vas 
turned toward the cutaneous fistula in the neck and that the esophagus nas reduce o ) 
3 or 4 cm. of its upper third. Thoracic cavity: The cardiac area was normal; pleural mem¬ 
branes were free. The left pleural space exhibited approximately 500 Gm. of dark ui . 
Right lung: Form and size were normal. Crepitation was present. The sagittal section w. 
dark red in color, emitting when compressed a small amount of blood (slight conges ion;. 
Left lung: The size was small due to collapse of the lower lobe. Cut surface uas norma 
Heart: No information worth noting. 

Cansa JLforfts.—Toxemia and generalized peritonitis due to dehiscence of suture line m 
the intestinal anastomosis.* 

COMMENTS 

Tlie main objective of this paper is the presentation of a case of generalized 
carcinoma of the esophagus treated by a subtotal esophagectomy where we had to 
face the problem of a plastic reconstruction of the organ. 

It was clear from the beginning of the surgical treatment that this patien 
could not expect to have a long survival due to metastasis already observed at 
the first stage of the operation. However-, his will to live and to eat again 


Dr. Pedro Gherardi, Jr. 
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Ins nioulk had ioreod us to bmik into our ol)servution period three 
the lirst operation and t,y a ve-estahlislnnent o ' -ec.nU.u.^ 
the upper digestive tract. Considering the conditions revealed at tin 
the esophagectomy, we had no doubts about the nni'easabihty ot bringing ns 
stomach up to the neck, as was our intention at liist. l^esn cs its siiia sr. , 
stomach should be expected to be lirinly adherent and lixed to the anterior a - 
dominal wall at the point where the previous gastrostomy was done. 

Upon analyzing the advantages and disadvantages of the diftevent methods 
in a review of the surgical literature and after reading Orsoins paper” a few 
days before the operation, we decided on an intrathoracic colonic substitution 
of the esophagus as perhaps the best chance wc could give to our patient, even 
though it was observed that the colon liad never been used for this type of 
plastic surgery until this time. Wc also were, and still are, favorable to the 
one-stage resection with an e.sopliagoga.stric anastomosis described by Sweet, 
Oarlock, and many others, but wc arc sure this procedure can be useful in eases 
where the lesions, whatever they may be, arc located very high and the .stomach 
cannot be brought to that point. 


REVIEW OF LITERATURE ON INTK.VTIIORACIC E.'Ol’Il.UlOl’LASTY 


Although prethoracic esophagoplasty has had very .satisfactory results, 
many authors since the beginning of the century have tried to obtain an intra¬ 
thoracic esophagoplasty. Attempts were made by Wullcnstcin (1004), Saiicr- 
bruch (1905), Willy Sleycr (1913), ilarwedel (1913), Endcrlen and Ilolz 
(1914) and othei’S to perform this intervention on an experimental basis. 
Lorthioir and his associates tried to establish an anastomosis to the .iejunum after 
the resection of the diseased segment of the esophagus. Kiimmel' was the first 
to use an intrathoracic approach by the Kii’schncr method, doing an anastomosis 
between the esophagus and the stomach freed from its vascular connections. 
However, the ma.iority of these interventions were performed in eases of eso¬ 
phageal stenosis due to lye strictures. Tumorous cases were considered very 
dangerous and useless. 

Many tissues and organs have been used up until the present time to sub¬ 
stitute for the diseased esophagus, for example, the skin, epidermis, fascia lata, 
as well as different parts of the digestive tract (stomach, jejunum, and colon)! 

In 19-16, Eienhoff- was the fii-st to use jejunum intrathoracically. He made 
the anastomosis of a free proximal jejunal loop antiperistaltically to the esoph¬ 
agus at the level of the aortic arch (Fig. 6). Bricker, Burford, and EisemaiF 
related m 1949 the re-establishment of the upper thoracic esophagus resected bv 
using a tubed pedicle graft obtained from the cervical regions, which was iii- 
trodueed into the upper thorax and then anastomosed to the lower esophanis 


At the same time, HarrisoiF described the teehirique used by Idm in two 
cases. He re-established through an end-to-end suture the transit‘of an esopha 
„eal segment resected premously using an isolated ieiuml 'rm i ^ 

« ,« ,h. ip ftp Wow 

an isoperistaltic intrathoracic esophagoplasty (Fig. 6) ” 'Pleting 
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In November, 1950, Eobertson and Sarjeant^ publislied a paper on tlie re- 
construetion of the esopliagus in one stage b 3 ^ using an isoperistaltic segment of 
the jejunum through an undermined tunnel in the anterior mediastinum (Fig. 
6); from the technieal surgical point of view, the descriptions of the methods 
devised bj^ Bricker and associates, Harrison, Eobertson, and Sarjeant are ex¬ 
cellent and should be read by those considering all these procedures. 

In March, 1951, Paul Orsoni presented a study on the utilization of tlie 
transverse and descending colons for the intrathoracic plastic reconstruction of 






INTK.M'HOR.VCtC USE 01' I.AIKiE 150WEE 


213 


CAMAUA-UOri'-S: 1NTKAT1 UIUA(.ii; u.-r. v-* . 

the esophagus. The reasons for the use of tliis organ were studied by Loinaire 
who performed several arteriographies on the colic arteries Orsoni considcicd 
the thoracic use of the colon most advisable. Together with l^cmane (hig. ) 
thev have anastomosed an isolated colonic segment between the left poition of 
the resected esophagus and the first .icjunal loop in an attempt to avoid any 
possible gastric regurgitation to the esopliagoplasty so performed. 


DISCUSSION 

■Wdiile most of our experience could be looked upon as too limited uc feel 
that this procedure is worth describing and should be kept in mind by others as 
something else to add to the resources useful to those who have to handle lesions 
of the upper esophagus. 

In reviewing the articles published by different authors on the pic- and 
intrathoraeic esopliagoplasty and the results heretofore obtained with them, wo 
have come to the following conclvisions. 

1. According to the recent works of Tonpet and Lemaire, colonic circula¬ 
tion is better than jejunal and can be considered quite sufficient to maintain an 
isolated colonic segment alive and in good condition, regardless of tbc length of 
this segment. 

2. Transverse colon can be used iso- or nntiperistaltically as bas been 
demonstrated in the cases related by Kelling and Viillict. 

3. According to Ilcagan and Puestow, working with isolated segments, the 
colon still keeps its responses to certain drugs, although it loses its mesenteric 
innervations, a fact that cannot he reproduced in the jejunum. 

4. Experiments performed by several authors (^loroney, Plory, Harding, 
I'y and co-workers) proved the colon to he more resistant to digestive secretions 
than jejunum, therefore being much more applicable for its use in esophago- 
plastA'. 


5. From the anatomical and functional point of view it is more advisable to 
perform an esophagoplasty between the upper part of the ceiudcal esophagus 
or pharynx and the stomach, than to make an anastomosis of its lower extremity 
to the jejunum as was done by Rienhoff, Robertson and Sarjeant, and Orsoni 
and Lemaire, keeping in this way the gastric digestive function. 

6. The colon is more resistant and less sensitive than jejunum. 

7. Sluch smaller than the stomach in diameter, the colon occupies a smaller 
space inside the thorax, leaving the stomach with its normal functions with 
regard to capacity and digestion. 


gives a better esthetic ap- 


8. The use of a eolonic loop intrathoracically 
pearance to the indiAudual and protects the loop. 

9 Intrathoraeic colonic esophagoplasty has the advantage of allo^vin£r anv 
possible treatment on the diseased esophagus, extending the indications of this 
procedure to the treatment of some of the con«pnita1 i ^ 

malignant tumors of the organ. lesions, and also to the 
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SU5IMARY 

1. A case of generalized carcinoma of tlie esophagus presenting onlj" a 
small mucous lesion at the level of the aortic arch is described. 

2. A subtotal esophagectomy was performed without the possibility of the 
re-establishment of an esophagogastric continuity in one single operation. 

3. Three months later an intrathoracie esophagoplasty was attempted h}’ 
using a segment of the large bowel to re-establish the transit. 

4. A careful review of the literatui’e has not rei'caled a description of tins 
intrathoracie technique in man. 

5. This plastic operation maj’- be considered feasible and more physiologic 
than esophagoplastics described up to the present time. 
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THE USE OF SUTUEE CONSTKICTIOX OF THE UPPER l.OBE 
IX THE TREAT.AIEXT OF PUIAIOXARV TUBERCULOSIS 
(PAULINO PROCEDURE) 

P.U.-L T. DeCami*, 3I.D.. Thoma-s- G. Bakkes. M.D. (ky invitation-). John W. 
Oyerstreet. iLD. (by in-mtationI and Alton Ochsner, 31. D. 

Xk\v Ori.ean.«, La. 


T he ideal trjje of tlioracojda.sfy for advanced ]nilnionavy u\l>evcnlosis. 

while retaining the relative safety of the nuiltistaged selective thoraco¬ 
plasty of the Alexander type.'' - should if possible increase its effectiveness 
and should, in addition. l)e a .single nondeforining operation n^ith a minimal 
loss of the costal cage, and a maximal pre.servation of respiratory function. 
It should be applicable if necessary to bilateral disease. 

In the Slimmer of 1949. it was the jirivilege of one of ms (P. T, D.) to 
observe in Rio de Janeiro the perfoi-niance, liy Di-. Fernando Paulino of tliat 
city, of a modified partial thoracoplasty and pnenmonolysis which seemed to 
approach this ideal. This operation had been developed by Dr. Paulino and 
performed by him in approximately 20 cases. A review of liis eases’- con¬ 
vinced ns that the procedure merited further trial. The procedure employs 
the oldest, soundest, and most accurate method of constrictiou in surtrery, 
namely, the suture ligature. 

Since SeiA. 16. 1949, we have employed the procedure thirty-iour times, 
in thii'ty-oue cases u'ith gratifying results. Performed as a single operation 
u-ith limited resection of the costal cage, deformity has been sliiTht. and the 
loss of respiratory function has been minimal. This procedui'c has permitted 
hUatei-al operations in 3 cases. There have been few serious complications and. 
although it is too early to reach final couclusious, there is evidence that the con- 
U'ol of the disease is as effective as, and possibly more effective than, that follow¬ 
ing^ more extensive rib resection of the Alexander type. 


. From the I>epartment of Surger>x Tulane irniverNJifv - 

Chnic and the Charity Hospital of Lottisiana- - . ^ J ool of: Medicine, the Ochsner 

Read (by title) at the Thirtv-second Annual » 

Thoracic Surgerj- at Dallas. Texas, yiay S-10, of The American Association for 
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Collapse and compression of the diseased portions of the lung are obtained 
by a series of three No. 10 crochet cotton ligatures placed about the lung and the 
overlying parietal structures which have been freed from the chest wall accord¬ 
ing to the Carl Semb technique.® A limited rib resection is performed (1) to 
permit ready access for the pneumonolysis, (2) to obliterate the extrapleural 
space created by the pulmonary collapse, and (3) to prevent overexpansion of 
the lung below the level of the collapse. 


EXTRAPLEUl^AL DISSETTIOU 

STARTED 



Inlicrcosta-l 
rmascles k 


. \Riby 

Fig, 1.-—^Technique of the Paulino procedure. Extent of the rib resection^ and commence 
ment of the extrafascial dissection, right lung. 


TECHNIQUE 

General anesthesia with inti'atraclieal intubation is employed. We have 
placed the iiatient in the lateral decubitus position and employed a postero¬ 
lateral parascapular incision. Dr. Paulino uses the face-doivn position.* 
Upon division of the muscles and retraction of the seapnla, the rib cage is 
exposed. A subperiosteal resection of the first two idbs from the costal car¬ 
tilages, the posterior two-thirds of the third rib, and the posterior half of the 
fourth rib is performed (Pig. 1). Posteriorly the ribs are removed only as 
far as the transverse processes of the vertebrae. The transverse processes 
are preserved. Beginning at the apex of the thorax an extrafascial pneu¬ 
monolysis is performed by sharp and blunt dissection with division of the 
intercostal structures posteriorly and anteriorly (Fig. 1), according to the 
Semb technique.® The lung, overlying parietal pleura, and intercostal struc¬ 
tures are freed to well below all gross lesions as determined by preoperative 
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roentgenography and operative palpation (Fig. 2). Tlic dissection is limited 
inferiorly by the liihnn of the lung, although it is possible to dissect somewhat 
below this point posteriorly if necessary to include lesions in the superior 
diidsion of the lower lobe. If the collapse is cari'icd to this point it ma} he 
wiser to remove a small posterior segment of the fifth rib. 

The unique feature of the procedure is the method of achieving collapse, 
and preventing re-expansion, of the diseased lung. The ape.x of the pleura 
and the underlying lung is grasped with a large curved Kelly clamp. Begin¬ 
ning near the apex and eoneluding below the level of the grossly diseased lung, 
three eoncentric purse-string ligatures of No. 10 crochet cotton are placed 
about the lung and the overlying structures. Each ligature is caught in the 
pleura, the overlying tissues, or the lung itself at three or four points to pre¬ 
vent slipping. As each ligature is placed, it is drawn up snugly about the un¬ 
derlying diseased lung and tied (Fig. 3). Silver elips are placed on the low¬ 
est ligature as markers. At the conclusion of this stage of the operation all 


PKIELLWOKIOLYSIS COMPLETED 



3, Phrenic 
w nerve 


upetior 
vena. c,a.va. 


Intercostal 
muscles 


Pig. 2. Technicue of Paulioo Pne^onolysis is completed to the hiium of the 

Of the grossly diseased portions of the lung have been uniformly and eoneen- 

tneallj collapsed and compressed under direct I’ision in a foi- 

and dependable ,„.n„er .ban is possible b, t al»e SL": 

emphasized that the degree of collapse of the liino- m j 

extent of the rib resection. " dependent on the 

Laceration of the pleura does not undulv comnbootp tUes i 
the hmg is not adherent to the parietal pleura cuS Procedure. If 

lung does not slip out as the ligattmes ak aZ 

duced into tbe pleural eaidty and either mithLwn at tTe etje^^^ 
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tion as the lung is expanded by the anesthetist, or it may be connected with a 
water trap for postoperative drainage. The wound is closed in layers with 
interrupted sutures of quilting cotton, A simple dressing is applied with a 
small pad placed in the anterior costal defect. The tendency toward para¬ 
doxical motion of the chest wall is slight. 



ADVANTAGES 

The cliief advantages of tliis procedui'c ovei' the Alexander operation are: 
1. Deformity is minimized. 2. There is maximal preservation of respiratory func¬ 
tion. 3. It is performed in a single stage. 4. There is suggestive evidence that 
because of the more accurate application of collapse and compression better 
control of the tuberculosis is obtained. 5. It is applicable to bilateral disease. 

INDICATIONS 

The general indications for the operation are the same as for the standard 
type of thoracoplasty, and it may be elected in preference to the older pro¬ 
cedure. Special indications for the Paulino procedure are: (1) the presence 
of bilateral advanced upper lobe disease, (2) the occurrence of unilateral up¬ 
per lobe disease in a patient who has previously had contralateral thoraco¬ 
plasty or lobectomy, (3) paramediastinal eavitaiy disease, (4) unilateral dis¬ 
ease in the presence of limited respiratory I’eserve, and (5) a particular desire 
to avoid deformity as in a young individual. 
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CONTRAINDICATIONS 

The general contraindications arc the same as for the standard type of 
thoracoplasty. The special contraindications are; (1) the presence of ad¬ 
vanced disease beloiv the level of the liilnin, (2) a large snbplenral cavity, or 
(3) pleural disease. Ligature compression cannot be effectively ajiplied be- 
lo^v the level of the hilum but ive have successfully controlled cavitary lesions 
in the dorsal division of the lower lobe. If absolutely necessary the lowest 
ligature may be placed on a bias to encompass posterior lesions hung slightly 
below the level of the hilum. Although we fear complications from ligature 
compression of a large subplcural cavity, the first patient U])on whom we per¬ 
formed the procedure (J. M.) had a 6 cm. subplcural cavity which was suc¬ 
cessfully closed without untoward incident (Fig. 7. A and B), but we do not 
recommend the operation under these circumstances if alternative procedures 
are available. 


CASES 


PAULIHO PROCEDURE 


AGE IWCIDEKICE 



age: IW. 'TfElA.RS 

Fis. E-The age incidence bj- decades in thirty-one cases subjected to the Paulino procedure. 


UPEK.\Tn-E E.\PEEIEXCE 

tl,p have been performed on thirty-one patients - Of 

these twenty-eight were white, and three were nonwhite; twentv-th7ee were 
men and eight were women. The age distribution of the eases is indicate 1 
Fig. 4 Aine patients were in the fifth decade and 8 in the sixth ort total i 
seienteen (oo%) were more than 40 years of at^e The three bllat i ‘ ^ 
tm^ere performed in patients 28, 52, and 56 years oLgJ. ^ 




Xew 

State 
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The disease was unilateral in four cases, bilateral in twenty-seven, mod¬ 
erately advanced^' in five, and far advanced* in twenty-six (Fig. 5). It is to 
be noted that as a group these eases represent advanced lesions for 'which 
either a major resection or an extensive thoracoplasty would have been re- 
quii'ed had this imocedui'e not been used. On the operative side alone the dis¬ 
ease was classified as moderately advanced in twenty-four and far advanced 
in ten. 

"PAUL] WO PROCEDURE 


EXTEKIT OF DISEASE. 



FAR-ADVAMCED MODERATELY BILATERAL UNILATERAL 
ADVANCED 

Fig. 5.*—The extent of disease in tliirty-one cases subjected to the Paulino procedure. 

The Paulino procedure was chosen electively on general indications for 
thoracoplasty in thirteen cases, and on special indications for this technique 
in eighteen (Table I). 

COMPLICATIONS 

Serious complications of the operation have been infrequent (Table If)- 
There has been no instance of bronchial fistula or of tuberculous infection of 
the pleural or extrapleural spaces. There has been no evidence of any of the 
ligatures cutting through, nor has there been any evidence of interference 
with the blood supply to the collapsed lung. The margin of safety between 
adequate collapse and interference with v'^ascularity must be considerable be- 

National Tuberculosis Association Classification of 1950 is used throughout this report. 
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Table I. Inpicatioxs lor Orr.r.ATios in Tair.T\'-ORE Cases 


General indications 
Special indications 

Possible bilateral operation 
Probable bilateral operation 
Preservation of marginal function 
Prevent deformity _ 


13 cases 
IS cases 

7 

6 

(> 

1 


cause the thirty-four operations have been performetl by seven different oper¬ 
ators. inelnding five house officers. The pleura has been Incernted during dis¬ 
section on eighteen occasions. This occurred more ireQuentlt carlt in the 
series when the extrapleural dissection was begun iiucriorly rather than at 
the apex. The accident occurs most commonly through the very thin anterior 
pleura. Extrapleural fluid developed postoperatively in all oases. In eight 
patients the fluid had to be a.spirated more than once and was eon.sidcred 
excessive. Intrapleural fluid requiring asiiiration developed in seven cases. 
Subcutaneous emphysema of modei'ate extent occurred twice. Xontuberen- 
lous infection of the extrapleural space developed twice, and of the intra¬ 
pleural space once. In each instance it responded to simple open drainage. 


T.vble XL. PosroeERATivE CoiiPuc-vTioxs Followikc Tinr.TY-rocr. Orr-r-vTioss 


COiLPLICATION' 

c\srs 

Excess extrapleural fluid 

$ 

Intrapleural fluid 

i 

Subcutaneous cinphvsema 

o 

Infection of extrapleural space 

o 

Eujpvetna 

i 

Puiinonarv embolism* 

I 

Kespiratory failure* 

i 


•Fatality. 


Two serious hemorrhages have occurred several mouths following opera¬ 
tion. One patient (Case 10, M. L.) died of a sudden massive pulmonary hem¬ 
orrhage five months after operation. Immediately after operation, a larse con¬ 
tralateral paramediastinal cavity became apparent and remained open. The 
disease on the operative side appeared to he under control. The patient died 
at home and an autopsy was not performed. It was felt that the hemorrhage 
occurred m the large contralateral cavity. S. T. (Case 91 experienced severe 
pnbnonary hemorrhage in April, 1951, five months after a left Paulino thoraco¬ 
plasty and eight months after a similar operation on the right side The dis 
ease was very extensive in both lungs, and it was felt that the collapse ob¬ 
tained at the first operation was technically not quite adequate (Fig. S, A and 
P). This was the first operation performed by that operator. Althoimh snread 
oecurred in the right lower lohe following tlie hemorrhage. snbseqnenflT the dis 

(Fb. rcr°“^ 


In Case 19 (F. H.) ipsilateral postoperative spread oceui-red Bilateral 
apical cavLtary disease was present and had not responded to prolonged bed 
r^. ^th imeumopmtonenm. Either during operation or in the &-st few nost 
operaave days, which were complicated by transient atelectasis and exeSe 
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extrapleural fluid, the cavitj^ slipped down below the lowest ligature. Subse¬ 
quently a spread apjieai’ed in the ipsilateral lower lobe. This case constitutes 
a failure of the procedure altliough the patient has subsequently improved on 
further conservative treatment. 

Two earlj’’ postoperative deaths occurred. W. C. (Case 8) was ill-advisedlj' 
selected for operation as a heroic procedure in spite of very far-advanced bilat¬ 
eral disease extending below the hilum, and a limited respiratoiy reserve. Al¬ 
though his postoperative course was not otherwise comjilieated he died on the 
eighth postoperative day of respiratory failure. D. S. (Case 12) with far- 
ad\'anced bilateral disease died of an apparent massive pulmonaiy embolism on 
the fourteenth day following the second of bilateral Paulino procedures. The 
disease had apparentl.y been controlled on the first side and the sputum had con¬ 
verted, but a persistent cavity on the second side indicated the second operation. 
The one late postoperative death, from hemorihage in the fifth month, has been 
referred to previously. 


PAULINO PROCEDURE 

do 



IMPROVED 

Fii?. G.—Results of the Paulino proccUure in tu-enty-seven cases operated upon more than 

seven months ago. 

RESULTS 

Pour of the thirty-four operations liavm been performed in the last four 
months. In each case adequate collapse lias apparently been obtained and the 
patient is improved, but it is too early to evaluate tlie results. Two patients 
have been lost to follow-up. Of the remaining twenty-five patients, who were 
operated upon more than seven months ago, the disease has become inactive in 
five for periods of 6, 8, 18, 18, and 22 months (Pig. 6). The activity classifiea- 
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tion is uulimitecl in three, class IV in one. and class III in one. The disease has 
been arrested in thirteen additional eases for 4.5 to 24 months with an averaue 
duration of arrest of T2.3 months. In nine of these cases sputum cultures are 
negative, and in only one ease has there been a positive culture (one positive, 


tuberculosis, a Julv ^ ■"bite woman, aced 3 r •v\ 

Inactive contralateral disease upper 'iSbl*'* bilateral 

. -. ca^ntj- closing- on consen-aUve 











228 


THE JOURNAL OP THORACIC SURGERY 


two negative) at the most recent checkup. The actiAuty is unlimited in four, 
and class IV in nine cases. One patient (Case 26) who had negative sputum 
cultures and no clinical or x-ray CA'idence of actiAuty on a single postoperative 
checkup four months after operation is classified, Avith the two patients Avho 
haA^e not been folloAved, as actiAuty undetermined (Fig. 6). 

Three cases are classified as actiAm, improAmd. The disease in Case 1 
(J. M.) became inaetiAm following an operation in September, 1949, and the 
patient returned to full actiAdty. TA\m years later contralateral disease reae- 
tiAmted and a caAdty formed (Pig. 7, G). This is responding to conseiAmtive 
treatment (Pig. 7, D). Roentgen studies, including planigraphy, fail to reveal 
actiAdty on the operative side. P. H. (Case 19) is classified as actiA^e; the dis¬ 
ease lias improved on postoperatiAm conservative therapy but, as previously 
described, tliis patient represents the one technical failure of the operation. 
P. B. (Case 27) had bilateral cavitary disease. PolloAAdng operation in Septem¬ 
ber, 1951, tlie disease has apparently’^ been controlled on the operatii'e side and 
the contralateral disease has impi’OA’ed so much that the originally contemplated 
bilateral operation may not be neeessaiy. Becent sputum concentrates v’ere 
negative. 

The eighteen patients in Ai’liom arrested and inactive results Avere observed 
represent 67 per cent of tlie tAventy-seven patients operated upon more than 
seven months ago, and 72 per cent of the tAventy-five cases Avhich hai’e been fol- 
loAved. If Cases 1, 26, and 27, in which the results on the operative side appear 
to be entirely satisfactory, are added the operation has been beneficial to 78 per 
cent of the tAventy-seven patients operated upon, and to 84 per cent of the 
tAventy-five cases followed. Seven of these patients have returned to full activ¬ 
ity. The tAvo early postoperative deaths represent a case fatality rate of 6.4 
per cent and an operatiA’e mortality rate of 5.9 per cent. With the third (late) 
death the oA’er-all case fatality rate for the entire series of thirty-one cases is 
9.7 per cent. 

KESPIKATOBY FUNCTION 

An important advantage of this operation is the relative preservation of 
respiratory function. This Avas borne out by preoperative and postoperatiA'e 
total lungv function studies carried out in twelve unselected cases (Table III). 
In ten cases folloAving unilateral operation there Avas an average reduction 
in the vital capacity of 357 ml. In six cases folloAving unilateral operation 
there Avas an aA’erage reduction in the maximum breathing capacity of 8.7 
liters per minute. It is noteAvorthy that none of the three patients on Avhom 
bilateral operations Avere performed had significant dyspnea postoperatively. 
In the tAvo in Avhom studies Avere made before operation and folloAving the 
second operation (Table III) the maximum breathing capacity was reduced 
by 13 liters per minute in one, and 23 liters per minute in the second; and the 
vital capacity by 290 ml. in one, and 1,280 ml. in the other. Both of these pa¬ 
tients have returned to normal aetiA’ities Avithout significant dyspnea. 

ROENTGEN STUDIES 

Careful roentgenologic studies in the folloAV-up period have failed to 
reveal the persistence of cavitation on the operated side in any case other than 
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table III. PP.EOrEr.wn-E akb Postopeeative REsr.r-ATor.v Fukct.ok STfn.ES 



vital capacity 

(ME.) _- 

I rOSTOr. I CH.\KOE_ IT.EOP- 

■- Dnitntcrnl Ovcration 


MAXIMUM Br.E.VTIUNG CAPACITV 
(I.ITERS/MIXUTE)_ 


2,650 

1,985 

1,490* 

2 220 
8,230 
2,100 
4,060 
3,000 
1,640 
3,070 
Mean 


Ililateral Operations 


•Contralateral pneumothorax. 

a—Indicates patient later had another operation. 

V)_^Represents those patients in whom studies were made before the operation and fol¬ 

lowing the second operation. 


Case 19, previously mentioned, ivliere the lung slipped out from under the 
ligatures. Studies have routinely included erect posteroantcrior, lateral, and 
oblique views, Bucky films, and in nine instances, body section films. Significant 
scoliosis has developed in only one case (Fig. T). In a few instances some confu¬ 
sion arose because the lung below the level of the collapse expanded upward, siu-- 
rounding the collapsed tissues, and giving highlights suggesting cavitation 
(Fig. 9, C and D). The differentiation ivas readily made on stud}' of lateral 
A-iews and planigrams. Our first case, and two bilateral eases, are represented 
in Pigs. 7, 8, 9. 

DISCUSSION 


It appears certain that until more effective conservatii'e treatment is 
developed and all cases of tuberculosis are diagnosed and treated before 
destructive lesions have occurred, surgery will be called upon to assist in the 
control of the more advanced pulmonary lesions. Excision of such lesions is 
theoretically to be preferred to thoracoplasty, but in our experience excision 
has carried a higher mortality and a higher incidence of serious postop¬ 
erative tuberculous complications.^ Therefore we consider thoracoplasty in¬ 
dicated if it can be reasonably expected to control the lesions. 


We have a great deal of respect for the multistaged, selective thoraco¬ 
plasty of the Alexander type,u = which has proved to be effective, relatively 
safe, and largely free of serious postoperative complications. The procedure 
does have, however, several disadvantages. These are: 1. Multiple stages are 
required. 2. The procedure is frequently deforming. 3. A minimum“of sLx 
ribs must be removed for adequate collapse. 4. To obtain satisfactory coUapse 
of diseased portions of the lung it is necessary to remove two or more ribs 
below the level of the lesions thus causing considerable additional loss of nul 
monary function. 5. The procedure can seldom be applied to bOateral S' 
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ease or to contralateral lesions following lobectomy. 6. In spite of apparently 
adequate collapse, cavities in the operative area may remain open and the dis¬ 
ease become active. It is debatable whether this persistent activity is due to 
technical inadequacy in the application of collapse and compression, or to in¬ 
herent inadequacies in the principle of collapse therapy. 



TTio. s _Case 9. S. T., a white man, aged 56 years, with far-advanced bilateral pu> 

monarv tubercuiosis. A, July, 1950, extensive cavitary disease in both uPPer 
P^^uUno nrocedure performed July, 1950. £, September. 1950 , appearance following operation. 

roHaSse may have been inadequate. Left Paulino procedure October, 1950. G, October, 1951. 
hemorrhage and right lower lobe spread in March, 1951. Subsequent response to antibacterial 
therapy. Disease inactive in April, 1952. 
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Numerous attempts have been made to modify, or to substitute for, this 
procedure iu an effort to avoid these disadvantages. Partial thoracoplasty, 
extrapleural pneumonolysis with or without plomliage, or a combination of 
the two procedures as in the Semb operation do indeed avoid many of these 
disadvantages. They have uniformly failed, however, in the most important 
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attribute of the Alexander operation and that is the control of advanced cavi¬ 
tary lesions in a high percentage of properly selected eases. ^Ye feel that 
these procedures fail either because of inadequate collapse or, even if the col¬ 
lapse is “adequate,^' because sole reliance is placed on the inherent abihty of 
the diseased tissues to contract and to “control” themselves. The experi¬ 
ence with intrapleural pneumotliorax, extrapleural pneuinonolysis, and partial 
thoracoplasty has amply demonstrated that if reliance is placed simply on the 
collapse of the diseased tissues onto the underlying elastic and mobile pul¬ 
monary tissue advanced destructive lesions of the lung will be controlled only 
sporadically. We feel that an important reason that the more extensive 
thoracoplasties are so much more effective is because they fix and compress 
the diseased tissues between the chest wall and the mediastinum, and the col¬ 
lapsed tissues are not affected by the activity of the lung below the level of 
the collapse. No one who has done a postthoracoplasty resection of the lung 
can doubt the factor of compression in an adequately performed thoraco¬ 
plasty. 

We tried this procedure chiefly because it avoided the pitfall of inade¬ 
quacy common to all other conservative operations. The diseased tissues are 
collapsed, compressed, and fixed, and they are not affected by the activity of 
the uncollapsed portion of the lung. Our experience has indicated that it is a 
safe, single operation which minimizes deformity and loss of respiratory func¬ 
tion, and which can be applied to bilateral pulmonary disease. It is too early 
to draAv final conclusions concerning its ability to control advanced disease, 
but certainly the accurate application of concentric collapse and compression 
under direct vision should be as effective as the results obtained blindly by 
removal of the costal cage. Our experience to date indicates that the collapse 
is as effective as, if not more effective than, that obtained by the more radical 
operation. 

The use of a ligature, so commonly employed as a crushing strangulating 
weapon, suggests certain horrifying complications when applied to a vascular 
structure such as the lung. These thoughts occurred to us, and we are sure 
that if the safety of the operation had not already been demonstrated by Dr. 
Paulino we would have been reluctant to try it. The margin of safety between 
adequate compression and dangerous strangulation must be great as the pro¬ 
cedure was performed in our series by seven surgeons, five of whom were 
house offieei’S. Serious troubles could arise if the ligatures were carelessly 
applied but it is necessary only to equal, or to slightly excell, the compres¬ 
sion obtained by the standard thoracoplasty. Actually this operation does not 
introduce a new principle into the surgical treatment of pulmonary tubercu¬ 
losis. It is a new and more accurate technical application of an old principle. 

SUMMARY 

A technique of partial thoracoplasty, extensive pneumonolysis, and col¬ 
lapse and compression of the lung by suture ligatures is presented. A thirty- 
one-month experience in thirty-one eases, including bilateral operation in three 
eases, indicates that this procedure is safe and reliable when applied to suitable 
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advanced tuberculous lesions of the upper lung. The operation is performed in 
one stage; costal resection, deformity, and loss of respiratory function arc re¬ 
duced to a minimum; and it has been applied successfully to bilateral disease. 

The procedure is reconmiended particularlj' ivhen bilateral surgical pro¬ 
cedures seem indicated, or ivhen the respiratory reserve is limited. As the opera¬ 
tion has several additional advantages it may also be used by election rather 
than the more extensive multistaged selective thoracoplasty of the Alexander 
type. 
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CLINICAL EXPERIENCE WITH THE WATER-SOLUBLE 
BRONCHOGRAPHY COMPOUNDS 

Mordant E. Peck, M.D., Adrian J. Neerken, M.D., and 
Eaimanuel Salzman, M.D. 

Den\t!r, Colo. 

T he use of absorbable water-soluble contrast solutions for broncliograpliy 
has attracted considerable attention in recent months. In fact, iiYe differ¬ 
ent drug concerns have made products of this type commercial^ available for 
routine or investigational use. Sufficient individual clinical experience has not 
yet been gained to evaluate these compounds adequately. Consequent^, it 
seems advisable to review the products available, to correlate some of the experi¬ 
ence wliich has been gained, and to emphasize some serious complications which 
liave I’esulted from their use. 

The propi'ietary jn-oducts now available do not vary significantly in their 
physiologic acti^fity. They do Auny, hoAvcA^er, with regard to their chemical 
composition. All have as their contrast medium iodopyraeet (the diethanol¬ 
amine salt of 3,5-diiodo-4-pyridone-N-acetic acid) or a very closel}’’ related prod¬ 
uct. This material has for a number of years been marketed in this country 
as Diodrast.® It has been extensively used for intravenous urography and 
angiograplyy, and its properties are rvell known. In 1948 Morales aud 
Heiwinkle' described experimental and clinical studies with a combination 
of 35 per cent iodopyraeet in 2.5 per cent carboxymethylcellulose (the sodium 
salt of cellulose ether). This material is noAV marketed by Astra under the 
trade name of Umbradil Viscous B. The product is a slightly A'iscous solution, 
about 500 eentipoise (cps.), and does not haA'e a consistency which would seem 
ideal for bronchography. IIoweA'er, Amry excellent bronchograms have been 
obtained Avith this material, as is attested by the recent reports of ALvel] 
and Pedersen,^ Filpse, Hedberg, and Krueger,® and others.^ 

Per-Abrodil “M, ” marketed by Bayer as Per-Abrodil “BR, ” is an identi¬ 
cal product but Avith a viscosity adjusted to 3,500 to 4,000 cps. at 37° C. Ref¬ 
erence Avill subsequently be made to the extensive Avork done in Germany AAoth 
this substance.® 

Tavo other aAmilable products, loduron B (Cilag)®- ' and Diodone Visquesc 
(Guerbet),® have approximately’- the same concentration of iodine per cubic centi¬ 
meter® (0.25 Gm.). The base in these compounds, glymolmetliyd cellulose, re¬ 
sults in a solution of much greater A'-iscosity. Diodone (4,000 cps.) is rather 
jellylike in consistency and has a slight broAvnish discoloration. loduron (35,- 
000 to 40,000 eps. in 2.5 per cent solution) is highly' auscous, tends to precipi¬ 
tate crystals Avhich redissoNe on AA'ai’ming, and also has the broAvn color. We 

Read (bj' title) at the Thirty-second Annual Meeting- of The American Association for 
Thoracic Surgery at Dallas. Texas, May 8-10. 1952. 

From the Department of Surgery (Division of Thoracic Surgery) and the Department oi 
Radiology, University of Colorado Medical Center. 

•Manufactured by AVinthrop-Stearns, Inc. 
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have on variouB occasions attempted to identify free iodine as the cause for 
the discoloration in these two products hut have l)ecn unable to do so. 

The fifth product we have originally described as Methocel-Diodrast.''’ 

It is now available for investigational use through Winthrop-Stearns, Inc. 
This material is composed of 50 per cent Diodrast in 1.75 per cent mcthylcel- 
Inlose. ' It forms a clear, relatively viscous solution which compares in con¬ 
sistency with the iodized oils. Pure methylcellulose (4,000 cps.) was chosen 
for this particular product because of the extensive studies which have been 
carried out indicating that it is essentially nontoxie."-” The ma.iority of all 
onr bronchograms performed to the present time have been made with con¬ 
trast media compounded with pure methylcellulose. e have occasionallj 
used a product prepared with earboxymethylcellulose but have felt that the 
degree of bronchospasm which accompanies its introduction is somewhat 
greater than with methylcellulose solution. It appears that the efficiency of 
earboxymethylcellulose, methylcellulose, and glyeolmethylcellulose as thick¬ 
ening agents increases in this order at similar concentrations. e feel, there¬ 
fore, that this irritative response is not due to the earboxymethylcellulose but 
rather to the lower viscosity of the earboxymethylcellulose solutions tried. 
This low viscosity allows for a more rapid absorption of the iodopyracet. 

^Ye have reviewed our first fifty-six bronchograms made with water- 
soluble media (ilethoeel-Diodrast in all instances) for the purpose of deter¬ 
mining whether the technique, the contrast, and the bronchial filling were of 
such quality as to be consistent with a satisfactory bronchogram. Of these 
fifty-six cases, twelve were considered unsatisfactory. Seven resulted in a 
division of opinion, and thirty-seven were considered unquestionably satis¬ 
factory. Because of the division of opinion the seven questionable broncho¬ 
grams were classified as unsatisfactory. This means that 66.7 per cent of the 
bronchograms reviewed were satisfactory and 33.3 per cent were unsatisfac¬ 
tory. Correspondence with others who have been using the water-soluble ma¬ 
terials in this country has given us eighty-three added reports on their use. 
These reports indicated a marked division of opinion coneerning the resiilts 
obtained with these agents. Those who were enthusiastic with their use ob¬ 
tained satisfactory bronchograms, whereas those with a limited experience in 
their use obtained unsatisfactory bronchograms. In general, approximately 
one-third of the studies which were reported were considered unsatisfaetorv. 
This corresponds with our observations. 


There are many factors which contribute to the success or failure of bron¬ 
chography, even with such standard solutions as Lipiodol and lodochloral 
Therefore, it is essential that these results be compared uith another series 
m which the iodized oils were used. One of us (A. J. N.) was, during militarv 
service. Chief of the Peroral Endoscopy Section in a large army hospital Dur 
ing that time a record was kept of bronchograms performed Ld li the num 
her wffich were uiisatisfaetory. A total of 528 bronchograms were made usin- 
Lipiodol, and of these 83 were unsatisfactory. This gives a percentave nf o 
unsatisfactory bronchograms. It would seem, therefore, that it is possMe to 
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obtain a satisfactory bronchogram more consistently with one of the nonab¬ 
sorbable iodized oils. On the other hand, enthusiasm for the water-soluble 
media is somewhat greater among our European colleagues. Dr. Karl-Heinz 
Willmann reports on over 2,000 bronehograms with Per-Abrodil “M” 60 
per cent Viscous, done for all kinds of pulmonary disease.’^ The large ma¬ 
jority of these’ bronehograms were considered satisfactory and no untoward 
results were observed. 

The explanation for the discrepancy between the results obtained with 
watei'-soluble and oil contrast media rests in a number of faetors which are in¬ 
herent in any of the water-soluble media presently available. First, the ab¬ 
sorption of the contrast material, in all instances iodopyracet, is extremely 
rapid. Hence, to obtain results which ai’e at all satisfactory it is necessary to 
become familiar with the use of these media. Second, the material is misci¬ 
ble wdth the bronchial secretions and, consequently, it tends to fill the periph¬ 
eral bronchial tree confluently. This is in contrast to the picture with iodized 
oils in wdiich the bronchial tree is outlined and “clubbing,” due to blockage 
by retained secretions, is observed. (See Fig. 2 for this comparison.) One 
must, therefore, learn to read these bronehograms from a somewhat different 
point of view than is the case with the iodized oil. Third, and perhaps most 
significant, is the fact that these media tend to create a rather severe degree 
of bronchospasm.*' This, of course, contidbuted considerably to the “unsatis¬ 
factory” group of films, as manifested by incomplete filling secondary to the 
explosive effect of coughing. Elimination of coughing is essential to satisfactory 
bronchography. This is a good deal more difficult to obtain with iodopyracet 
compounds as the bronchographic agent‘than with iodized oil. However, 
meticulous attention to the topical anesthetization of the tracheobronchial mu¬ 
cosa will improve tlie results ■when using a water-soluble agent. It is in¬ 
teresting that this response is not as marked in the individual with disease 
bronchi as in the case of the individual with the more normal bronchial tree. 
We also feel that the bronchospasm is some'vvhat greater 'where the products 
utilize carboxymethyleellulose as a base because the viscosity is so lo'W that 
the iodopyracet is more rapidly absorbed from the bronchioles and alveoli. 
This statement hypothesizes that the iodopyracet is the factor which leads to 
bronchospasm. The explanation is thought to be related to a refiex mecha¬ 
nism precipitated by rapid absorption, through a tremendous Amseular be , 
of a large amount of iodopyracet in a very short period of time. On sei^era 
occasions Ave have seen a degree of irritation Avhich exceeded mere coughing 
and resulted in a profound degree of bronchospasm and laryngospasm, CA^eii 
requiring intubation to maintain an airAvay. SuggestiAm evidence that iodopy¬ 
racet is the stimulating factor is given by the observance of similar seveie 
bronchospasm in a patient Avho died folloAving the rapid intravascular injec¬ 
tion of iodopyracet for angiocardiography. 

The use of Avater-soluble media may also carry the danger of leading to a 
fatality. We have had tAvo deaths associated Avith bronchography in Avhich 
these materials Avere used. These cases should be revicAved at this time. 

^nte • AVe have not proved that the cough, as clinical evidence of bronchial irritation, Is 
secondary to bronchospasm but are assuming that this is true. 
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CASE REPORTS 

Case l.-L. S, n ^vhUe ^voman, 53 years oi age, ^^•as ada^Uc^ to Deaver General 
Ho-^pital on Alav 12, 1951, because of cough, weakness, and loss of aevght. She also rc- 
por’ted esertional dyspnea and small amounts of frothy ycllotv sputum. Xo allergic history 

Tvas elicited. 

On physical e-yamination blood pressure urns 110/60, pulse 120, and temperature lOO.-- 
F. Auscultation of the chest revealed dry inspiratory and expiratory riles throughout both 
lung fields. Dullness ivas present in the right base posteriorly. The heart n-as enlarged 
to the left. Circulation time, arm to tongue, uas 13 seconds, and the venous pressure was 
70 mm. of water. Admission laboratory work was not Tcmarkablc aside from a white blood 
count of 11.400. S-rav examination of the chest showed a questionable enlargement of 
the right hilar area. Sputum was repeatedly negative for acid-fast bacilli. Bronchoscopy 
performed under topical cocaine anesthesia was negative. 

On June 6, 1951, the patient was prepared for bronchography. She was given atropine 
6 mg. on the ward and 50 mg. of Seconal Sodium intravenously upon arrival in the 
operating room. The pharynx and larynx wore topically anesthetized with 20 c.c. of 5 
per cent cocaine hydrochloride solution. A Xo- 14 French catheter was inserted into the 
trachea. Two cubic centimeters of 5 per cent cocaine solution was injected into both right 
and left main stem bronchi through the catheter. The patient was then taken to the x-ray 
department. Her condition appeared satisfactory. An intracutaneous test (0.1 c.c.) for 
sensitivity to Diodrast was negative. Fifteen cubic centimeters of 50 per cent Diodrast in 
l.'o per cent methylcellulose was then instilled into the right bronchial tree. The patient 
was positioned and roentgenograms were taken. Fifteen cubic centimeters of the same 
material was then injected through the catheter into the left bronchial tree and the pa¬ 
tient positioned. As the x-ray films were being taken the patient lost consciousness and 
had a convulsion. She was immediately returned to the operating room, where the pharynx 
was cleared of a small amount of the material and an endotracheal tube was inserted. At 
this time the patient had a second convulsion. Subsequently, respiratory motions ceased. 
She was given .5 Gm. of caffeine intravenously, and artificial respiration was maintained 
with oxygen under positive pressure from an anesthetic machine. Shortly afterward the 
heart beat became gradually weaker, and the patient was pronounced dead approximately 
thirty minutes after the initial con^-ulEion. 

The significant post-mortem findings were confined to the lungs, which both showed 
pulmonary edema, emphysema, and gross focal hyperemia. The report of the microscopic 
examination follows: The lungs showed focal areas of recent hemorrhage, in which the 
air spaces are packed with red blood cells. The septa were delicate, and the capillary 
spaces were filled with red blood cells, neutrophils, and eosinophils. The mucosa of the 
bronchi and bronchioles was intact. The submucosa was diffusely infiltrated with eosino¬ 
phils and an occasional lymphocyte and mononuclear cell. In focal areas there was scat¬ 
tered a slight amount of authracotie pigment. The kidneys revealed focal collections of 
eosinphils within the capillary spaces of the glomeruli. A Sudan fat stain of the adrenals 
revealed a normal component of fat. Sections of heart, liver, spleen, pancreas, adrenals 
and brain revealed hyperemia but no other significant lesions. ’ 

The pathologic summary-® was as follows: “The findinw of 
marked eosinophilia in the lungs was consistent with acute anaphvlaetic shock 
Eosinophilic neutrophil infiltration of viscera has been described in acute 
adrenal n^ufficieney. However, this can probably be excluded bv the demon¬ 
stration of a normal fat component in the adrenals 

^he patient’s serum were tested with Demerol, cocaine; and L'medSl^ 

-"ducted by Ur. Joseph H. Kraft. Chief 
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used ill bronchography. hegntive results were obtained in each instance. 
Since passive transfer of drug sensitiAutj’’ is rarelj’’ demonstrable, a negative 
P-K reaction does not exclude it. Toxicologic examination of vital viscera 
for cocaine demonstrated only minute amounts, so death due to overclosage, 
but not to sensitivity, can he excluded. 

“Therefore, this is a ease of a 53-year-old white woman who came to sud¬ 
den death during a bronchographic procedure. The autopsy findings exclude 
to my satisfaction all causes of sudden death except that due to anaphylactic 
shock. Of the drugs given to the patient, none can be explicitly implicated 
nor excluded.’’ 

Certain clinical factors may also be of some significance in the final evalu¬ 
ation of this patient. She had previously received cocaine topically for bron- 
ehoseopy without any evidence of sensitivity, although on the occasion of 
bronchograph.y she did receive 1.2 Gm. of the drug. Moreover, the time rela¬ 
tionship between the last administration of cocaine and the initial convulsion 
(approximately fifteen minutes) would hardl}'' be consistent with a cocaine 
reaction. On the other hand, the time relationship between the injection of 
Methocel-Diodrast and the convulsion (aiiproximately five minutes) is con¬ 
sistent with a reaction to one of the components of this solution. Previous in- 
tracutaneous testing for sensitivity to Diodrast, while not conclusive, would 
tend to free this drug from implication. The evidence at hand, therefore, is 
suggestive enough to lend suspicion to methylcellulose as the causative factor 
in the anaph 3 daetic response. 

Case 2.—B. S., a white woman, aged 69 years, was admitted to Colorado General Hos¬ 
pital, Tuberculosis Service, on Oct. 10, 1951, because of a chest survey film which "as 
reported as showing far-advanced pulmonary tuberculosis. She denied all symptoinatologj 
and had had no weight loss. Past history revealed that the patient’s tirst Innsband died ol 
tuberculosis during World War I. The patient then remarried and had lived with her 
second husband twentj- years, during which time she considered herself completel.v asiml' 
tomatic. The family, however, suspected tuberculosis because the patient had a constant 
chronic cough. No allergic history was elicited. 

Physical examination revealed a well-developed individual in no distress. H'C 
trachea was deviated to the right. There was dullness to percussion over the medial por¬ 
tion of both lung fields posteriorly. Sputum and gastric washings were examined over a 
four-month period and were consistently negative for acid-fast bacilli. X-ray examination 
showed a contracted right upper lobe, w-itliin which were areas of radiolucency thought to 
represent cavitation. The mediastinal structure.s were shifted to the right. Seveial 
radioluoent densities, thought also to be cavities, were apparent in tiie left mid-lung zone 
near the hilus. Tomograms subsequently confirmed these findings. 

First strength P.P.D. was negative. Second strength P.P.D. was faintly positii e. 
Skin tests for histoplasmosis and coccidioidomycosis were negative. Three bronchoscopies 
were performed with consistently negative results except for the rather -marked deviation 
of the trachea to the right. 

The patient's course on the ward was uneventful. She remained afebrile and without 
complaint. During four months of observation she gained sixteen pounds. 

On Feb. 5, 1952 bronchography was performed. The pliaryn.x and laryn.v were topi¬ 
cally anesthetized with 5 per cent cocaine. A No. 18 catheter was introduced through 
the larynx into the right main stem bronchus. One cubic centimeter of 5 per cent cocaine 
(total amount of cocaine used was less than 1 Gm.) was introduced through the catheter 
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for further anesthesia. Fifteen cubic centimeters of 50 per cent Urohon Sodium in 1.75 per cent 
methylcellulose nas then injected into the right main bronclius. Tlie patient did not cougli 
and had no complaints. About ten minutes after the introduction of the contrast medium, 
and while waiting for the original films to be developed, the patient stated that she wanted 
to lie down. The patient’s color was noted to be bluish-gray, and the pulse was rapid and 
thready. Almost immediately she became unresponsive and the pulse imperceptible. Sub¬ 
sequently respiration ceased and a frothy foam appeared from her mouth. The mouth and 
pharynx were aspirated, and intracardiac stimulants were given but were unsuccessful in 
the face of the marked and rapid circulatory collapse. 

Post-mortem examination revealed the trachea and both main bronchi to be filled 
with bloody mucus. The mucosa of the trachea and right main bronchus showed hyperemia 
and petechial hemorrhages over an area corresponding to the distribution of the dye on 
the bronchogram (Fig. 1). The smaller bronchi on the left contained a clear, viscid, 
mucoid material. The upper lobe of the right lung appeared atelectatic and the bronchi 
compressed. The middle and lower lobes were red, heavy, and wet. Large portions of the 
lung parenchyma were replaced by irregular areas of firm gray tissue resistant to cutting. 



,F‘e-.E-rE™aehogram of the patient (Case 2 ) made orior to .looti - 
Tlie distribution of the medium within the traeheobronch?al°tree i circulatory collapse 
mucosal hyperemia and petechial hemorrhage observed at post niortem^^*^-°"*'^^ 


The cavities described by x-ray films had irregular neerotie 

purulent exudate. The bronchi of the right lung were edematous 00^ a 

hemorrhages in their walls and gross heniorrhai in thefr lumens ^ 

was very hr-peremic and edematous, with areas of frank fresh h surrounding lung 

into ,1.. .,„o,i. 

With secondary abscess formation. The remains nf 1 . r, bronchiectatic cavitie.« 
around the abscess. The cavities were filled with identified 
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TIic lesions in the lungs were granulomatous, composed of giant cells, epithelioid 
cells, a few lymphocytes, macrophages, and areas of fibrosis. The giant cells were atypical, 
many having central nuclei and containing inclusion bodies. Gdmori stains showed the areas 
rvhich had been interpreted as necrosis to be actually areas of fibrosis. Intact collagen 
fibers extended through the lesions. The reticulum stains showed reticulum fibers arranged 
in whorls around the central giant cells in many of the lesions and merging with the col¬ 
lagen fibers in the fibrotic areas. Tubercle-like lesions, consisting of giant cells, and stel- 
late-arranged epithelioid cells were found in lymph nodes from the neck, chest, and ab¬ 
domen, in the spleen, and in the myocardium. Circumscribed areas of fibrosis were present 
in the liver. 

The interpretation of these findings led our pathologists to the following conclusions: 
The cavities seen in the x-ray pictures rvere actually large bronchiectatic cavities with 
secondary abscess formation. The granulomatous lesions, when considered in conjunc¬ 
tion with the history, laboratory findings, anatomical location, and specific characteristics, 
were those of sarcoidosis rather than tuberculosis. The clinical picture, the time factor, 
and the post-mortem findings support the diagnosis of death due to an anaphylactoid reac¬ 
tion to the substance used for bronchographic study. 

Comment .—The natui’e of this patient’s death leaves little doubt but that 
it was caused bj’" an anaphjdactoid type of reaction. The distribution of the 
hemorrhagic reaction within the wall of the tracheobronchial tree, when com¬ 
pared with the bronchogram, certainly implicates the medium which was used 
for bronchography. Unfortunately, the patient was not previously tested for 
sensitivity to the Urokon or the methylcellulose. However, the literature now 
available does not reveal any reports of serious reactions to Urokon. It is 
being extensively used for urography, and we have been unable to obtain in¬ 
formation of any serious unreported reactions. "We have been using it in 70 
per cent concentrations for aortography and have found it to cause essentially 
no reactions, vasospasm, or pain, even under local anesthesia. Moreover, ex¬ 
perience has shown it to be so rapidly absorbed from the lung that the symp¬ 
toms of sensitivity to this drug should have appeared much sooner if it were 
to be related to the reaction obseiwed in this patient. On the other hand, 
meth 3 dcellulose ivould be expected to be absorbed more slowly. It is primarily 
disposed of by the lymphoid elements and the reticuloendothelial system. This 
system was primarily involved, as is evidenced by the areas of hj'^peremia and 
actual hemorrhage within the spleen. A similar hyperemia was observed m 
the lii^er, and the liver sinusoids were dilated. It seems reasonable to assume, 
therefore, that death in this instance could be related to the use of the metlijd- 
cellulose, even though we have no direct evidence in this regard. 

DISCUSSION 

The concept of a water-soluble agent which -will disappear from view shortly 
after the x-ray examination is especially appealing for tuberculous patients 
as well as in routine bronchography.^® Residual iodized oil remaining in the 
lung is a definite handicap to future study of the pulmonary tree. We feel 
that the ivater-soluble agents now available are helpful in overcoming this 
difficulty (Pig- 2). Nevertheless, they cannot be used without an awareness of 
the complications and difficulties related to their use. These difficulties might 
be grouped into three categories: namely, technical, toxic, and latent tissue 

reactions. 
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The technical difnciilties are primarily associated with the rapidity witli 
which the contrast medium is absorbed. The medium is taken up from the 
pulmonary tree with such great rapidity that within a few minutes practically 
none of the contrast substance is r-isible. Therefore, teamwork is essential 
between the physician performing the bronchography and the x-ray tech¬ 
nicians. It is also almost impossible to fluoroscope these patients during the 
procedure of bronchography because of this inherent characteristic. 

Bronchograms made with these media do not result in as high a denree of 
contrast as do iodized oils. This may be advantageous to a certain decree, 
since small parenchymal lesions n-ill not be obscui-ed by the medium. IVe 
have, however, made numerous attempts to improve this factor somewhat. 



-1 x-ray films demonstrate, on the ♦» 

(Uipi^ol) and Trater-soluble medium (Methocel-Dio^^t)^ in iodized 
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the reticuloendothelial system of the lung. This retention in the face of its 
mild radioactivity is a disadvantage. Of the remaining substances, Neo-Iopax 
and Skiodan seem to have no particular advantage over Diodrast. Lately we 
have been very interested in Urokon Sodium® because of its reportedly low 
toxic manifestations and because Urokon Sodium contains 65.8 per cent iodine 
per molecule as compared ivith 49.8 per cent iodine per molecule in Diodrast.''*'''" 
Initial bronehograms in human patients using 35 per cent Urokon Sodium in 
1.75 per cent methjdeellulose liave given us the impression that there is a 
slight improvement in contrast ivith this particular medium (Figs. 3 and 4). 
Further studies are being canned out with this substance at the present time. 
However, it cannot be anticipated as being the final answer because it is ab¬ 
sorbed at about the same rate as is iodop 3 wacet. 

The toxic manifestations of the water-soluble media add a certain degree 
of hazai-d to their use. As we have pointed out earlier, the ■water-soluble com¬ 
pounds seem to create a marked degree of bronehospasm, jiartieularlj^ in those 
individuals ivho do not have a severelj'’ diseased bronchial tree. Moreover, it 
may well be, in certain individuals, that there is a localized allergic response 
to the high molecular carbohj^drate base or to the contrast substance utilized. 
Evidence is suggestive in this regard but not conclusive. 

The severe degree of bronehospasm can often be overcome 'with adequate 
anesthetization. It has been our practice to inject about 1 c.c. of 5 per cent 
cocaine directly into the main stem bronchus of the side to be examined, just 
prior to the introduction of the bronchographic medium. This has consid¬ 
erably alleviated the degree of bronehospasm elicited in certain individuals. 
Unfortunately, it does not alwaj'^s prove effective. This method of introducing 
cocaine directly into the bronchial tree maj”^ in itself result in certain hazards. 
Experiinentallj'’ it is known that the rapid assimilation of low concentrations 
of cocaine may be more toxic than slow assimilation of high concentrations of 
the drug..'•■Death can, therefore, ensue from endobronchial anesthetization m 
this manner. It is our impression at the present time that Urokon Sodium 
does not precipitate the bronehospasm observed with the use of iodopyraeet. 
At least, in no instance have we observed any unusual stimulation of the | 
cough reflex when Methocel-Urokon has been used. 

The latent effects of the water-soluble agents upon pulmonary tissue are 
not clearlj’^ understood. Vischer has reported the occurrence of a fibrotic 
reaction surrounding small foci of carbox^'-metliylcellulose and glj^colmethyl- 
cellulose which ivere retained in the pulmonary parenehj^ma.^'* Experimen¬ 
tally in dogs we were unable to detect anj’- earlj^ evidence of an inflammatory 
reaction or any early evidence for retention of methylcellulose within the pul¬ 
monary tissues." However, it is altogether conceivable that these high molecu¬ 
lar compounds are retained to some degree within the pulmonary tissue. They 
are known to be engulfed by the reticuloendothelial cells, particularly in the 
liver and spleen, when introduced intravenously in large amounts."’ There 
is no reason to suppose that thej^ might not be similarly engulfed in the reticu- 

♦Urokon Sodium is the trade name for sodium 3-acetyIamino-2,4,6-triiodobenzoate; it is 
produced by the Mallinckrodt Chemical Works. 
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Fig. 3.—A and B, Bronchograms illustrating the results n-hich can be obtained wiUi 35 
per cent Urokon Sodium in 1.75 per cent methylcellulose. M'e feel tliat tlie contrast obtained 
on x-ra>- pictures witli this material is superior to other water-soluble niedia and that the 
complicating bronchospasm is considerably less. (The films demonstrate clearly bronchiectasis 
limited to the segments of the left lower lobe and lingula.) 
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loendothelial system of the lung following endobronchial introduction. In 
fact, Hehnstrbm and Holmgren did observe such a response with the endobron¬ 
chial introduction of carboxymethyleellulose in rats and rabbits.^^ It is im¬ 
probable, though, that all of this high molecular compound is absorbed. We 
feel that a great deal of this material is coughed up and expectorated, as is 
true with the iodized oiis.^'’ That which remains may act as any substance 
which is introduced into the bronchopulmonary tree and which is retained; 
that is, it is likely to give a latent reticular or fibrotic reaction around the re¬ 
tained nidus. This is true after the introduction of Lipiodol,^®' yet it does 
not seem to be a contraindication to the use of this material. It does not seem 
to us, therefore, that this fact can be considered a serious deterrent to the use 
of the water-soluble compounds. 

It can justly be said that no compound yet available has all the ideal 
characteristics for a bronehographic medium. The current water-soluble com¬ 
pounds are a step in the right direction. They must be used with caution and 
understanding as to their intrinsic dangers and limitations. They are an 
adjunct in our armamentarium for the diagnosis of pulmonary disease. They 
are not, however, the final answer and should not preclude further extensive 
study to find the more ideal agent for use in bronchography. 

SUMMARY 

The current status of water-soluble absorbable media for bronchography 
has been reviewed. 

The advantages and disadvantages of these media have been enumerated 
and discussed, 

A review of fifty-six consecutive bronchograms performed with Methocel- 
Diodrast reveals that this medium has been satisfactory in 66.7 per cent of the 
cases in which it was used and unsatisfactory in 33.3 per cent of the eases. 
These results have compared favorably with the information gained from cor¬ 
respondence among others in this country who have been interested in the 
use of the water-soluble compounds. We have also compared these results 
with 528 bronchograms performed with Lipiodol and find that in general 
iodized oils will give satisfactory bronchograms more consistently. Of these 
528 cases, only 15.9 per cent were considered unsatisfactory. 

Two deaths are reported which followed bronchographies in which Metho- 
cel-Diodrast and Methocel-Urokon were used. It is our opinion that the high 
molecular carbohydrate base precipitated the fatal anaphylactic reactions. 

The inherent difficulties with the water-soluble media seem to be factors 
which are related to technical, toxic, and latent pulmonary changes associated 
with the use of these drugs. 

The currently available water-soluble compounds for bronchography, 
when used intelligently, are a valuable adjunct to the diagnosis of pulmonary 
disease. Thej^ cannot, however, be considered the ideal agent for broncho¬ 
graphy. 
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THE CLINICAL -SIGNIFICANCE OF CAVEENOLITHIASIS 

Denton A. Cooley, M.D. 

Houston, Texas 

13 EPORTS dealing with pneumoliths or piilmonar 3 " calculi are concerned 
1 \ primarilj" with the broiicholith. Concretions of this tj’^pe are usually pro¬ 
duced bj’ intrabronchial pei'foration of caseous and partiallj" calcified lymph 
nodes of the bronehopulmonaiy or tracheobronchial l.vmphatics. Schmidt and 
his associates^ and Head^ have recentlj' reviewed their experience and that of 
others with broncholithiasis and have stressed its clinical significance. Another 
specific tyi^e of pneumolith is located within the lumen of pulmonary cavities 
and may therefore be termed eavernolith. The purpose of this presentation is 
to call attention to the possible clinical significance of such intimcavitary concre¬ 
tions in the course of pulmonary tuberculosis. 

From an etiological standpoint, caveimoliths probablj' have an origin similar 
to broncholiths, that is, from a partiallj’' calcified tuberculous focus.'’ ^ Calci¬ 
fications of peripheral caseous foci in the lungs are a frequent occurrence and 
are most likel.y to occur in childhood or adolescence but ma.v also occur during 
the course of adult tubercirlosis.- In the event the caseous material in such a 
partiallj’- calcified focus discharges into the communicating bronchus, the lesion 
excavates, and the larger fragments of calcium remain as calculi which lie inside 
of the resulting cavit.v. Calcification of cellular detritus and other debris within 
a cavity offers a possible, but not likel.v alternate etiological origin for caverno- 
liths. 

Although one would expect cavernolithiasis to be encountered frequently 
at autopsj^ the significance of this condition in the course of pulmonaiy tuber¬ 
culosis must have escaped attention as evidenced bj’ the lack of clinical reports 
in the literature dealing with the subject. For this reason the following brief 
ease reports* are submitted in order to illustrate some of the more important 
features in regard to the clinical course, diagnosis, and therapj^ in patients vuth 
pulmonaiy tuberculosis complicated b.v cavernolitliiasis. 

CASE REPORTS 

Case 1.—L. M., a 37-year-old man, was symptomless at the time that bilateral upper 
lobe cavities were discovered in May, 1950. Sputum examination was strongly positive for 
mycobacterium tuberculosis. Serial roentgenograms (Fig. 1, A and S) revealed the presence 
of a flaky eavernolith in the right upper lobe cavity. After a period of six months with con¬ 
servative management, surgical treatment was advised. Curiously enough, the roentgenograms 
and laminograms made of the chest prior to surgery did not demonstrate the eavernolith 
and it was presumed that the fragment had been coughed up. Because of this, first stage 
thoracoplasty with apicolysis was performed on Oct. 0, 1950. The postoperative course vas 
stormy. There was fever, massive hemoptysis with a marked “bronchial spread” to the 
middle and lower lobes on the right, and scattered dissemination to the left lung (Fig. 2). 

From the Department of Surgery, Baylor University College of Meciicine. 

Received for publication, June 30, 1952. 

*The author gratefully acknowledges the privilege of reporting Cases 1 to 5 from the 
surgical Arms of Mr. R. C. Brock and Mr. O. S. Tubbs at the Brompton Hospital for Chest 
Diseases, London, England. 
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Postoperatively, tlic cavernolitli ivas well demonstrated in tlie right upper lobe cavity (Fig. 2). 
The patient recovered from this severe setback after a prolonged course of streptomycin and 
para-aminosalicylic acid. On Oct. 15, 1951, a right upper lobectomy was performed* and the 
patient recovered uneventfully. In the resected specimen (Fig. 3) the razor-sharp cavernolitli 
was lying free within an unhealed cavity which measured 2.5 by 2 by 1.5 cm. in diameter. 



Fig-. 3.—Photograph of sectioned specimen of right upper lobe (Case 1) 
cavity and the razor-sharp cavernolith which had been repeatedly demonstrated oy 
genography. 

Case 2 .—R. H., a 41-year-old man, was seized suddenly with fever, malaise, and liemop 
tysis in September, 1945. Boentgenograras revealed cavitation with calcification in the le 
upper lobe. In the course of the next six months there were repeated similar episodes, an 
on one occasion he expectorated a tiny- fragment of calcified material. During an attack, 
sjTnptoms could be relieved only by strict and absolute bed rest. Eoentgenograms which hwe 
since been destroyed indicated that the size and shape of the cavity’ varied continuously an 
that the relative position of the cavernoliths changed. 

After a long and complicated course, both in and out of the hospital, thoracotomy vas 
performed on July 17, 1946. At this time a left pneumonectomy was done! and the patient 
recovered uneventfully’. The specimen contained multiple cavernoliths, one of which was 
loosely impacted in a small bronchial opening at the base of the cavity in the left upper lobe. 

Case 3.—^R. !>., a 34-y’ear-old man, a tutor, was discovered in 1942 to have pulmonary 
tuberculosis with cavitation in the posterior segment of the left upper lobe. On restricted 


»By Mr. Tubbs. 
fBy Mr. Brock. 
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activity he did ^ell, hut after an episode of strenuous exerc.se in May, 1949, 

again for a short period. During the ne.xt twelve n.onths roentgenograms revealed that t .e 

left upper lohe cavity periodically filled with secretions and subsequently discharged into the 

bronchus The sputum was intermittently positive for mycobacterium tuberculosis Chest 

films made in April, 1950 (Fig. 4, J), demonstrated the cavity in the left 

contained a fluid level in the region of the fifth intercostal space posteriorly. A " 

Mav 1950 (Fig. 4, B), demonstrated the cavity empty of its liquid contents and a .mall 

collection of “sand” in the dependent portion of the cavity. Laminogram of the left lung 

(5 cm. level) (Fig. 5) revealed cavernolitlis clearly at a time when the cavity was completeU 

filled with secretion. 



Fig. 4. — A, Roentgenogram (Case 3) made in April. 1950, demonstrating a fllirnti,- 
ess in the left upper lobe with cavitation. In the region of the fifth 

^fluid level is demonstrated in the cavity and collection of calcium ^ n^r th^bj^l of °the 

1 rt. Ro6ntg6nogTarn (Cass 3) inade in ^lav 1950, whicli • 

left upper lobe empty of fluid. The calcifications are strongl?%ulpic?ourof 


On Dec. 4, 1950, a left apical posterior segmental resection was performed* and in ten 
days was followed by a partial left upper thoracoplasty. Eecoverj- was uneventful In the 

grams of the chest revealed extensive cavitarv disease of the riaht 

elation of sanatorium care and controlled'bed rest at home the lesir^'xema^e^staSrv! 
*By !Mr. Brock. 
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In February, 1950, the patient became acutely ill with malaise, fever, and leukocytosis 
and there was fresh pneumonic infiltration in the right lung (Fig. 7). It was noted that tiie 
calcifications in the region of the cavity in previous films (Fig. 6) had changed position 
ieiati\e to eacii other. The pneumonic episode responded to bed rest and to para-aminosalioylic 
acid nhicli was administered daily. In December, 1950, surgery was being considered hut tlie 
patient was discharged from the hospital at liis own request pending readmission later. 




E‘e- 5 .— Laminogrram (Case 3) measured 5 cm. from patient’s hack, demonstrating 0 
abscess nlled ^vith secretions. The appearance of the calcifications in the base of the 
confirmed the suspicion of cavernolithiasis from films in Figr. 4. 

Case 5.—^Mrs. I. 6., a 24-year-oId housewife, was discovered to have pulmonary' tuber¬ 
culosis by' mass radiograpiiy in 1943. Gastric washings rvere positive for acid-fast bacilli 
and tliere was scattered infiltration in botli upper lung fields on roentgenography. Pneumo¬ 
peritoneum and temporary left phrenic crusli were instituted, and the pneumoperitoneum was 
maintained for the ensuing five years with partially satisfactory results. Laminograms (Fig- 
S, A and B) of the left upper lobe made in November, 1950, revealed a cavity in the posterior 
apical segment of the left upper lobe and the cavity contained multiple cavernoliths. At this 
time the sputum was again positive. 

On Dec. S, 1950, a segmental resection of the left upper lobe was done removing the 
entire cavity, and the patient recovered uneventfully. The resected specimen contained a 
tuberculous cavity measuring 3 by 2 by 1.5 cm. in diameter, and there were several small 
cavernoliths lying free in the cavity. 

Case 6 .—A., a 22-year-old housewife, was demonstrated to have had pulmonary lesions 
of tuberculosis at the age of 10 years, after her mother Imd died of the same disease. After 
six mouths of bed rest, she had resumed normal activity until she was 18 years of age, when 
roentgenograms revealed fresh infiltration in the apices of botli lungs. She was admitted to a 




g,—Roenterenograni of chest (Case f) tlenionstrating_ extensive tuberculous invc^ve- 
ment of the right upper and lower lobes with rnultipie cavitation. In the cavit> retealed in 
the region of the seventh interspace posteriorly several calcifications of vaoung size are visible. 

Fijr. 7—Roentgenogram of chest (Case 4) made in Februarj-. 1950. after an acute illness. 
Compared to the findings demonstrated in Fig. G in the same patient there is evidence of re¬ 
cent pneumonic involvement on tlie right. The change in position of the calcium establishes 
the diagnosis of cavernolithiasis. 


sanatorium where gastric wasliings revealed niycobacteriuiu tuberculosis. During the eighteen 
months she remained in the sanatorium gastric samides were intermittently positive. At the 
time of discharge in May, 1950, however, the samples had been negative for three months. 
Her entire illness was asymptomatic. 

She remained bacteriologically negative for the ensuing two years. Early in 1951 
she became pregnant, and culture of gastric contents was positive in April, June, and August 
of that year. She remained on a modified bed rest program and had a normal deliverv in 
Octoher, 1951. 


Boentgenograms consistently revealed bilateral infiltrations of tlie lung, but tiie lesion in 
the left apical region was of particular interest. Roentgenograms in tlie lordotic position made 
in Marcli, 1951 (Fig. 9), revealed a cavity in the left upper lobe with adjacent calcification. 
In October, 1951, the cavity had filled with secretions (Fig. 10). It was reasoned that the 
calcifications whicli liad changed position repeatedly were blocking tiie communicating bronchus. 
Review of tiie films made in tlie past several years indicated that the sequence of blocking 
and emptying had occurred repeatedly. 


On Dec. 20, 1951, a segmental resection of the left posterior superior segment of the left 
upper lobe was performed remoring the cavity. Recoverv was uneveutfui. IVhen the specimen 
was incised tlie cavity, full of thin pus, was encountered (Fig. 11). It contained a half dozen 
caremolitlis measuring up to 4 mm. in diameter. 
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■A. B. 


8 -—A and B, Laminograms (Case 5) made 5 and C cm. respectively from the bach, 
open cavity in the apex of the left upper lobe and at least three cavernoliths 

or different sizes. 



Fig. 9. 


Fig:. 10. 


Fig". 9.—Roentgenogram (Case 6) made in March, 1951, in the lordotic position to 
visualize the apex of the left upper lobe and demonstrating an open cavity in the region or 
the third intercostal space posteriorly. Calcifications are not well demonstrated in this 
photograph. Sputum was positive for mycobacterium tuberculosis. 

Fig, 10.—^Roentgenogram (Case 6) made in October, 1951, demonstrating the abscess 
eavitv previously revealed in Fig. 9, which is now completely filled with secretions. There 
are multiple calcified bodies visible in the base of the cavity. Sputum and gastric washings 
contained no acid-fast organisms. 
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DISCUSSION 

Analysis of this small group of patients reveals no symptomatic pattern 
which is characteristic of cavemolithiasis. Brief comment, however, is due cer¬ 
tain clinical aspects of the condition which are demonstrated in these six patients 
and wliich may obtain diagnostic significance as experience with cavemolithiasis 
increases. For the most part the cavernolith is a “silent stone” and produces 
no symptoms (Cases 3 to 6). It appears, however, that the calculus may pro- 




1 

e> ae.o„- 
multiple cavernoliths 

duce symptoms either by local trauma and irritation nf 
chjma (severe cough, hemoptysis, etc.) or bv inte^Z ® P^onary paren- 
^vitj (fever, malaise, pleuritic pain, etc ) ‘Case 2 drainage of the 

marked pneumonic sj-mptoms which mav occur as a ^ 

maniJ r’f- Pneumonic episodes in obstruction 

manifestation of a blocked cavity. Thn « ! V ^Iso have been a 

ing'theraril”''!,''"'r” '*™»»sl>-alea m ™SSestive of 
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the caveniolith is rarely coughed up. In Ca.se 2 a small calculus passed through 
the communicating bronchus, but usually the small caliber of the opening com¬ 
pared to the size of the caveniolith favors impaction of the stone and cavitaiy 
obstruction. 

Even though the course of the tuberculous process was in some instances 
altered by the presence of intracavitaiy calculi, diagnosis usually depends upon 
roentgenographic findings. Demonstration in a single che.st film of calcification 
in the peripheral lung fields in the neigliborhood of a cavitj’ should arouse 
suspicion that the calcium is lying inside of a cavity. The precise diagnosis of 
cavernolithiasis, however, depends upon demonstrating a change of position of 
the calcified material ly careful examination of multiple roentgenograms. Or¬ 
dinarily the cavernoliths occupy a dependent position in the cavity but some¬ 
times may adhere to the walls of the cavity in any position. Therefore, films 
made in the I’ecumbent positions as well as the erect may assist in demonstrating 
the migration of the fragment. Other technicpies including induced coughing 
may be helpful in dislodging the calculus and moving it to another position in 
the cavitjL The most valuable technique for demonstrating the eavernolith is 
laminography. Pigs. 5 and 8 are examples of laminography in these cases. 

In my opinion therapeutic management of patients with cavernolithiasis 
differs from that of the usual patient with cavitary tuberculosis and herein lies 
the necessit}^ for establishing a precise diagnosis. Inert substances lying in in¬ 
fected spaces an 3 uvhere in the bodj’- interfere with natural healing processes, and 
in none of these eases of cavernolithiasis did spontaneous healing of a cavitj" 
occur. Expectoration of a piece of a calculus occurred in Case 2 but several 
larger ones remained in the cavity. It ma.v be concluded, therefore, that surgi¬ 
cal removal of the lesion is the logical means of obtaining a cure. Techniciues 
of pulmonaiy collapse including pneumothorax, thoracoplasty, and plombage are 
theoreticalty unsound in cavernolithiasis. In the onl.v case where thoracoplastj' 
was emplojmd, near fatal consequences ensued from massive hemoptysis. Col¬ 
lapse procedures ma.v also produce acute cavitaiy obstruction with possible per¬ 
foration from overdistention. As alread.v mentioned, severe pneumonic mani¬ 
festations maj^ accompanj^ such cavitaiy obstruction. Although man.y patients 
in the past must have been successfullj^ treated bj"^ collapse techniques, it ap¬ 
pears on theoretical and clinical grounds that partial pulmonaiy resection pro¬ 
vides the most rational method of treatment. In five patients so treated the 
final result was satisfactoriL 

SUIMMARY 

Attention is directed to a specific type of pneumolith encountered within 
pulmonarj' cavities of tuberculous origin. To these calculi the term caveniolith 
is applied. 

Six patients with cavernolithiasis are reported brieflj''. In most instances, 
the stones were silent but occasionally irritative, and obstructive phenomena 
significant!}^ altered the clinical course. 

Diagnosis is rarelj^ made on clinical findings and is usuall.v based upon 
roentgenograph}L Careful examination of .serial films throughout the clinical 
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coui-se ivitli particular attention to possible variation in position of intrapnl- 
uionaiy calcification is essential. Laminograms are useful in demonstrating the 
intraca\'itary position of such concretions. 

Cavernolithiasis is an indication for surgical intervention in pnlmonaiy 
tuberculosis, and pnlmonaiy resection is recommended in preference to collapse 
procedures. 
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INDICATIONS POE THOEACOPLASTY AND PULMONAEY EESECTION 

IN THE SUPINE POSITION 

Paul. W. Sanger, MD. 

Charlotte, N. C. 

D UEING the past two years we ]iave adopted the supine position in certain 
eases in which pulmonary resection and thoracoplasty were combined as a 
one-stage procedure. In this position, proper ventilation of the lungs is carried 
on more automatically and spontaneously; thus the patient is less likely to 
develop respiratory acidosis. We prefer this position particularly in resections 
for tuberculosis wheii pleural symphj'sis exists, when previous thoracoplasty 
has been performed, when the patients are acutely ill, and when the vital 
capacity is low. 

If one or more of these conditions exist, the advantages provided b}' the 
anterior approach over the commonly emplojmd posterolateral are several. The 
inclusion of a small anterior thoracoplasty with the pulmonarj’^ resection allows 
a partial collapse of the chest wall which is often highly desirable in resections 
for tuberculosis. Overexpansion of the remaining lung in such instances may 
lead to reactivation or spread to the contralateral lung in tuberculosis, and may 
lead to emphysema after pneumonectomy. 

The question maj'^, arise as to the ability of an anterior thoracoplasty to 
produce sufficient thoracic cage collapse and thereb}’^ prevent overdistention of 
the remaining pulmonary alveoli. In our small sei’ies of thirty-one resections, 
the collapse obtained through this procedure appeared adequate to prevent over¬ 
distention of the remaining lung. 

Any individual who after a two- or three-rib thoracoplasty later requires 
lobectomj^ will usnallj^ develop atelectasis if a rib is removed in the conventional 
posterolateral area. In such a situation rve have found this procedure particu- 
larlj'^ indicated. Furthermore, if thoracoplastj" has been performed previously 
the anterior approach is simpler, safer, and prefei’able. Here, the anterior in¬ 
tact rib stumps and cartilages simplify the problem of finding a cleavage plane; 
thus a tedious and bloody dissection through a regenerated bonj'^ plate posteriorly 
is averted. Likewise, the noi’mal anatomy of the anterior mediastinum spares 
the surgeon the difficult problem of creating and establishing a cleavage plane 
through adherent and dense pleura. The problem is made even simpler since 
acid-fast lesions are rarely situated anteriorly. Minimal adhesions are pro¬ 
duced on a free pleura anteriorty and medially through which the mediastinal 
structures are rapidly exposed and rapidlj'^ identified. In addition, this anterior 
exposure diminishes the major hazard of excessive blood loss. This is accom¬ 
plished bj^ controlling and ligating the pulmonary vessels before attempting to 
extirpate adherent, fibrotic, abscessed lung from the parietal pleura or chest 
wall. 
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PinaUv, the suggested method of exploration not only technically facilitates 
the operative procedure, hut the patient is mamtained m a normal phjsiolog 
position throughout surgery. This position reduces to a mnumum the hazard 
of spilling bronchial secretions into the contralateral lung, though it peimits 
excellent pultnonaiT gas exchange ivhich may avoid dangerous accumulation of 
carbon dioxide in the blood. The latter problem has been brought to oui’atten¬ 
tion recently by the studies of Beecher and ilurphy' and also those of Jlaier.- 
It is thought that the lateral position favors the development of acidosis. 

Dehiscence of the bronchus in resection for tuhercnlosis seemingly is a uni¬ 
versal complaint. If a bronchial pleural fistula does develop the situation is not 
too grim, since already a partial thoracoplasty has been performed. Further¬ 
more, the cavity, nhich is under tremendous pressure, can he readily decom¬ 
pressed by simply inserting a catheter-, or better still, an incision can be made 
through the soft tissue of the anterior chest vail and the cavity packed with 
gauze. Hereby, the contaminatiou of the contralateral lung has been eliminated 
by the gauze occluding the fistula. Then vith safety the patient can he turned 
to the lateral position for completion of the thoracoplasty. 

The only disadvantage of the procedure is the greater deformity vhich 
follows an anterior thoracoplasty. However, the efficiency and safety of this 
surgical undertaking, and the preservation of shoulder function must also be 
of concern to the surgeon. The majority of these patients are in yoimger age 
groups in which a long life expectancy is in order. The shoulder muscles are 
not interrnpted or disturbed with this operation. Such an advantage will more 
than compensate for the deformitj* of anterior depression which can be readily 
camouflaged. 

OPEB-VTIVE TECHXIQUE 

A curved skin incision is made, beginning at the opposite third costal car¬ 
tilage and extending across the sternum under the mammary gland to the pos¬ 
terior axillary line (Pig. 1). The superior skin flap, with the breast, is dissected 
free from the pectoralis fascia up to the clavicle (Fig. 2). Unless a long skin 
incision is used and the flap reflected above the clavicle, the surgeon cannot 
obtain adequate exposure of the upper ribs and' cartilages. The pectoralis major 
is dmded longitudinally about 1 to 2 cm. from the sternum, divided transversely 
at the fifth costal cartilage, and then retracted laterally (Fig. 3). The second 
. to fifth ribs, inclusively, are removed subperiosteally extending to the posterior 
axillary line together with their corresponding cartilages (Fin. 4). 

Frequently the anterior two-thirds of the firat rib is also resected, especiallv 
when the inflammatoTW- process has attached the lung tenaeionslv to the apical 
pleura. We have experienced no injury to the subclavian vessels in remoxffim 
the fimt rib. The pleural space is usually entered through the bed of the third 
nb, then the mediastinal pleura is exposed and incised. The fii-st vessel en 
countered in the mediastinum is doubly ligated, transfixed, and severed The 
remaining structures are isolated in accordance with fh/l. 

hronehiis that is clamped and transected The 
.hen ae,nehea is .dUenent adjneent elmctneae, i.egeiv lyljtl wL'' 
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PiR. 1. 


Fiff. 2. 


Fig:. 3. 


Pig 1 ._A Ion& skin incision beg-inningr at the opposite costal cartilagre is extended to the 

posteroaxillary line. 

Pig 2. _-The skin flap is reflected above the clavicle. 

Plg^ 3 _-The pectoralis major muscles are divided and retracted. 
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dissection ivliich on occasion 

simple since no «ttempt is n,nseles, the siihcntaneous 

bundles. It IS • ,^ 33 ^ Avail has not been a problem. The chest is 

longitudinally. 



jPig. 4 ,_The first five cartilages and ribs have been removed as far posteriorly as the 

posteroaxillary line. 


From a technical aspect several points should be emphasized. Following 
anterior rib resection, the maior vessels and mediastinal structures are readily 
accessible and easily isolated and controlled. In contrast, the patient operated 
upon in the lateral position has his mediastinal structures ‘ ‘ at the bottom of the 
well.” hloreover, if inti’apericardial exposure of the vessels becomes necessary, 
the anterior route lends itself admii-ably for such an eventuality. 

The following ease reports of patients, operated upon in the supine posi¬ 
tion, illustrate a one-stage procedure for thoracoplasty and resection: 


CASE REPORTS 

Case 1 .—A 2S-year-oId white man was first admitted to Mecklenburg County Sanatorium 
eight years ago, complaining of severe headaches, chills, and fever. X-ray examination showed 
cavity formation, and a diagnosis of tuberculosis was confirmed. He remained one year at 
the Sanatorium, but was readmitted on three other occasions. Each time he was discharged 
as apparently arrested. During the third admission a right-sided empvema was drained 
Since the left lung I.ad remained stable for eiglit years, the patient was 'prepared for pneu¬ 
monectomy with streptomycin nnd para-aminosalicylic acid. Tl.e bronchus which showed 
ulceration responded to chemotherapy, and surgery- was undertaken. 
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With tile patient in a supine position a curved incision was made which extended from 
the left third interspace, across tlie sternum, beneath the right breast to tlie right posterior 
axillary line. The right third rib was identified and resected subperiosteally, and then the 
costal cartilage was removed subperichondrially. The fourth, fifth, and second, ribs and 
cartilages were similarly removed as far as the posterior axillary line. Because of the 
markedly thickened and adherent pleura, separation of the lung from the lateral and pos¬ 
terior chest wall was impossible. In this circumstance the mediastinum was attacked first. 
The elements of the hilum were treated by individual ligation technique, and then with con¬ 
siderable difficulty and much bleeding, the lung was bluntly torn from the parietal pleura. 
Bleeding was controlled with pressure, and the chest wall was closed in layers. 

All vital signs remained good, and no complications arose. The patient is now in good 
health and has been working for eighteen months. 

Case 2.—This 4J.-year-old white woman had been admitted to the Mecklenburg Sana¬ 
torium on four occasions since 1937 because of reactivation of a left pulmonary tuberculosis 
and empyema. During the last staj’ (nine months) in spite of streptomycin and BAS, the 
sputum remained positive. The trachea and mediastinum were deviated to the diseased side. 
Boentgenographic and bronchoscopic findings limited the pathologj- to the left lung. A pneu¬ 
monectomy was performed as described in Case 1. The lung was firmly adherent to the 
chest wall and diaphragm. Because of the adherence of the lung to the parietal pleura, there 
was a large amount of bleeding upon avulsing it from its attachments. This bleeding was 
readily controlled with packs. 

Convalescence was without incidence until the fourth month after the operation when 
she developed signs and sj’mptoms of a bronchial pleural fistula. This complication was man¬ 
aged by inserting a No. 22 catheter into the distended soft tissue in the midclavicular line. 
The cough was lessened but not controlled until a transverse incision 6 to 8 cm. in length 
was made through the thin anterior chest wall and the cavity packed with gauze. 

A few days later, with the patient placed in the posterolateral position, a seven-rib 
thoracoplasty was done. Tlie gauze packing prevented any spillage into the opposite bronchus 
during the operation. The cavity was loosely packed as often as indicated, until three months 
following the thoracoplasty when only a small fistula remained; but this finally ceased to 
drain and whistle. One year after pneumonectomy the patient was discharged without any 
sequelae. 

SUMMARY 

In certain instances the anterior approach for pulmonarj’- resection is pref¬ 
erable to the posterolateral one because: 

1. In the supine position fatal acidosis maj^ be avoided because of better 
pulmonary^ ventilation. 

2. The incidence of contralateral infection is decreased. 

3. It permits a combined thoracoplasty and pulmonary resection in one 
stage with minimal shock. 

4. Cleavage planes in the chest wall and mediastinum are readilj’^ obtained 
in cases where thoracoplasty was previously^ performed. 

5. Mediastinal structures are accessible for ligation prior to the separation 
of the lung from the chest wall, thus minimizing blood loss. 

6. If a bronchial pleural fistula does develop, its consequence is less severe 
and its correction is more easily accomplished. 
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CARCINOSAECOilA OP THE ESOPHAGUS 

Report of a Case With Autopsy Findings 

J, Robert Thompson, M.D.* 

Chicago, III. 

r-p TTR infrequent neoplasms exhibiting more than one cellular component 
1 provide interesting material for study and provoke considerable specula¬ 
tion as to their origin. Such a tumor was encountered in the esophagus as an 
incidental finding in a patient dying of pulmonary tuberculosis. 


CASE REPORT 

J. K., a Polish man, aged 61 J’ears, was admitted to the Alnnicipal Tuberculosis Sani¬ 
tarium with a history of having been hospitalized approximately ten years before, in an¬ 
other institution, for pulmonary tuberculosis. He left that institution against medical 
advice after a four-vear stay and worked at odd jobs until the time of his admission here. 
His familv history was negative except for the fact that his mother died at 40 years of 
age of some **stomach disorder.^* This man worked at various labor jobs all of his life, 
did not use tobacco, but was a moderate drinker. Venereal disease was denied. The on¬ 
set of illness was characterized by a cold with a nonproductive cough, temperature up to 
100° P., and a weight loss of thirty pounds. A roentgenogram of the chest and the pres¬ 
ence of acid-fast bacilli in the sputum confirmed the diagnosis of pulmonary tuberculosis 
at a sanitarium dispensary. 

Clinical Findings .—Physical examination at the time of admission revealed a tall, fairly 
well-nourished white man who had several carious teeth and evidence of pyorrhea. The ab¬ 
domen was slightly protruding but no organs or masses could be palpated. Percussion of 
the chest revealed some dullness over both upper lung fields, and an occasional rale was heard. 

Course .—^Approximately two years after admission to the Sanitarium he complained of 
some difficulty in swallowing. Examination by an otolaryngologist at tliis time revealed a 
mass in the right laryngeal ventricle, which, on biopsy, proved to be a papilloma containing 
some small tubercles. Also, a tumor mass was noted in the mucous membrane overlving the 
medial surface of the right mandible opposite the first to tliird molar teeth. This lesion was 
ulcerated with folded edges, and measured 1.0 by 2.5 cm.; a biopsy proved it to be an epider¬ 
moid carcinoma. The laryngeal tumor was excised, the mandibular tumor was treated by 
x-ray radiation, and the patient’s dysphagia gradually disappeared. It is of interest that 
the painful swallowing the patient complained of was limited to the mouth and throat region. 
In spite of supportive therapy the patient’s pulmonary disease progressed, and he died approxi¬ 
mately three years after admission. 


Pathology.—At autopsy, examination of the buccal cavity revealed a smooth mucous 
membrane. No gross abnormality could be seen in the pharvnx or lar.vnx. The right lung 
was firmly adherent to the chest wall over the apical portion by dense fibrous adhesions- 
the left lung was adherent to the chest wall by less dense adhesions. On sectioning the 
lungs, a cavity was found in the posterior aspect of the right upper lobe This cavitv 
measured 6 cm. in greatest dimension and was surrounded by considerable scar tissue In 
the opposite lung numerous acinous-nodose lesions were seen, and there was considerable 

ZnTr V'" parenchyma. The major bronchi showed considerable 

congestion. Upon opening the esophagus a firm, pedunculated, smooth, vellow-grav kidnev 
sl^tumor which measured 5.0 by 2.5 by 1^ cm. was exposed (Kgs. 1 and'2) This 
Received for publication July 11 , 195 ^ 

sanimrl?^"" Laboratories. City of Chicago Municipal Tuberculosis 


261 



262 


THE JOVRNAL, OF THORACIC SURGERY 


neoplasm was attached to the mucosa 9 cm. below the larynx by a thin pedicle. Its sur¬ 
face was in part smooth and in part granular in appearance. On surfaces made by section¬ 
ing it was pale gray to yellow-gra}’ in color and resembled a soft fibroma. 

Microscopic examination of the esophageal tumor mass revealed that there were two 
different cellular constituents. The most striking feature was the sarcomatous nature of 
the stroma which displayed many huge bizarre giant cells and appeared to be actively pro¬ 
liferating (Figs. 3 and 4). In addition, there were nests or groups of epithelial cells 
which, for the most part, were undifferentiated but which in areas showed some tendency 
toward rosette formation (Fig. 5). In a preliminary survey of the sections, the impres¬ 
sion was given that this might be of neurogenous origin because of the presence of some 
cells which had the appearance of atypical ganglion cells, and small groups of cells not 
unlike neuroblasts or sympathicoblasts; however, the consensus of opinion of several con¬ 
sultants! was that this represented a carcinosarcoma rather than a tumor of neurogenous 
origin. Several typical epithelioid tubercles were noted near the periphery of the tumor. 

Microscopic studies of the buccal mucosa revealed only moderate fibrosis attributable 
to the x-ray therapy which had been given approximately seven months previously. 



Fig. 1. Fig. 2. 

Fig. 1.—A photograph of tlie midsection of tlie lungs witli the esophagus still attached 
showing a tumor mass 5 by 2.5 by 1.5 cm. located in the upper half of tlie esophagus a 
point 9 cm. below the larynx. 

Fig. 2.—Close-up of the tumor mass, demonstrating the pedicle, smooth glistening sur¬ 
face, and lack of mucosal involvement. 


DISCUSSION 

As early as 1904, Hansemann expressed the opinion that the term carci- 
n,oma sarcoraatoides should he reserved for the description of a carcinoma 
with a sarcomatous stroma. He supposedly observed one such case in the 
esophagus but no histopathologic description was recorded. 

Herxlieimer, in 1908, characterized carcinoma sareomatoides as being com¬ 
posed of two distinct cellular types-—^flat epithelial masses within or surrounded 
by a sarcomatous stroma. 
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actually are; mai’ked anaplasia of the carcinoma cells; chronic inflammation 
ivhich may alter the morphology of the tumor cells by producing much con¬ 
nective tissue which may be construed as sarcomatous in nature or by provok¬ 
ing a lymphocytic reaction sometimes interpreted as a lymphosarcomatous 
component of some of these tumors; and the invasion of a benign connective 
tissue tumor by a carcinoma. Two years later, Pearlman® reviewed the cases 
of carcinosarcoma of the esophagus and examined in detail eight cases of ma¬ 
lignancy of the esophagus in which autopsy had been done at Michael Reese 
Hospital.* These cases were studied with the question in mind as to how 
their histopathologic picture might be reconciled with the diagnosis of car¬ 
cinosarcoma, and he concluded that the existence of so-called carcinosarcomas 
in the esophagus was questionable. Likewse, in 1949, Stout, Humphreys, and 
Rottenberg^ reviewed the literature for carcinosarcomas of the esophagus and 
listed, twenty eases in all. Of these twenty eases, only ten were polypoid 
growths exhibiting epithelial and sarcomatous elements and three of these 
ten cases showed definite metastases. In nine instances the lesion was in the 
lower half of the esophagus, in the tenth it was located in the hypopharyngeal 
region. 

There are several interesting aspects worthy of mention in the ease being 
presented. First, no evidence of metastases could be demonstrated, there be¬ 
ing no invasion of the esophageal mucosa, even though some acti^^ty was 
noted in the epithelial layer at the site of pedicle attachment (Fig. 6). Sec¬ 
ond, this individual had two primary tumors—carcinosarcoma of the esopha¬ 
gus and an epidermoid carcinoma of the buccal mucosa. The multicentnc 
origin of tumors is well known, and certainly from a histologic and anatomic 
standpoint there is no connection between these two neoplasms. Third, this 
growth was an incidental finding at autopsy, there being no clinical sjunp- 
tomatology or x-ray evidence of the neoplasm prior to death. Inasmuch as the 
man was extremely iU from pulmonary tuberculosis it is very possible that this 
masked any sjonptoms of the lesion, as is so often the case. Last, another 
feature of this case, not illustrated, ivas the presence of several early tubercles 
about the periphery of the tumor mass. Normal esophageal mucosa is rarely, 
if ever, involved in a tuberculous inflammatoiy process. 

SUMMARY 

A case of carcinosarcoma of the esophagus is reported. The peduneulated 
nature and location of the tumor are illustrated as well as the dual histologic 
pattern. This was an incidental finding in a case of pulmonary tuberculosis 
and epidermoid carcinoma of the buccal mucosa. 
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LYJIPHATIC DRAIA'AGE POLLOYTIA’G INTRABRO>iCHIi^ 
INSTILLATION OF SILVER-COATED RADIOACTIAE GOLD 
COLLOIDS IN THERAPEUTIC QUANTITIES 


P. F. Hahx, PhD., axd E. L. C.vrothers 
Nashville, Texx. 


IXTRODUCTIOX 


T he vise of xadioactive metallic colloids promises at the present time to le- 
come a visefnl adjunct to svirgei-j- in the treatment of hronehiogenic tumor 
in man. Recent reports concerning lung cancer in a relatively large series^ of 
patients are in surprising agreement in three impoi'tant particulars,’* 
namely: (1) hronehiogenic or primaiy carcinoma of the lung is diagnosed ap¬ 
proximately five to six times more commonly than a generation ago; (2) in onlv 
about one-fourth to one-third of the patients are the tumors resectable uhen 
first seen; (3) the over-all "five-year cure rate” is in the neighborhood of 5 to 
7 per cent. At least two of these groups, Osehner and DeBahej, and Evarts 
Graham in St. Louis contend tiiat this tumor is now more common in males 
than carcinoma of the stomach which previously occupied first place. The im¬ 
portance of these statistics cannot be overemphasized and should have quite an 
impact on the medical profession. 

Subject to early diagnosis the treatment of choice in this condition is ap¬ 
parently pneumonectomy, although a few surgeons prefer lobectomy. However, 
this procedure is applicable only in approximately one-fourth of all the patients 
who present themselves for study and diagnosis, hletastases by way of the 
lymphatics is the usual course taken. Deep x-ray treatment may increase 
slightly the time of svu'vival but by many is considered to be of relatively little 
value except as a paUiative agent. It is not necessary to go into the difficulties 
involved in the irradiation of deep-seated thoracic hmipli nodes, whose position 
can only be guessed at in any individual and whose irradiation must necessarily 
involve undesirable side reactions of the pleura and lung parenchyma. There¬ 
fore it would seem that any potentially useful procedure which might be used 
in conjunction with pneumonectomy to cut down the propagation of this tumor 
process should be a very acceptable one, at least from an experimental viewpoint. 

In previous reports we have shown that when radioactive gold colloids are 
administered intratracheally’" or iiitrabronchially^’ a considerable amount of 
radiation of the hmg parenchyma may be achieved. Under these conditions 
drainage by the thoracic Ij-mphatics is relatively slow and therefore the amount 
of irradiation to the site of common metastases is limited. Later it was demon- 
t^’at radioactive metallic silver colloids were drained much more rapidly 


From Cancer Research Laboratories. Meharry Medical College 
«... carried out under Contract At-( 40 -lT^• . . 

and Medicine. United States Atomic Energy Commission division of Biology 

Received for publication. Aug. 5, 1952. 


265 



266 


THE JOURNAI/ OF THORACIC SURGERY 


hy the lymphatics.® Tiieir use on a therapeutic scale, liowever, is obviated at tlie 
present time by diffienltics in technical production. colloids, altliougli 

nsofnl experimentall.v, are not suitable for therapeutic use due to the long life 
of this matei'ial (225 days half life) which would probably render them carcino¬ 
genic in themselves. Ag”’ is produced by a transmutation reaction Pd”” -f n 

-> Pd”' -f y, the latter by beta deea.y being converted to Ag’" with a 

half life of 7.5 da.ys. However the cross section of the Pd to thermal neutrons 
is relatively low and the abundanee of the parent Pd”“ is only 13 per cent. As 
a result units obtained from the Oak Ridge pile yield onl.y about 5 me. of tlie 
radioactive silver isotope and these would probably not be sufficient for thera¬ 
peutic trial. It is planned that in the near future instead of 1 Gm. of Pd being 
irradiated that the metal in quantities of perhaps 5 Gm. be subjected to thermal 
neutrons in a higher tiu.x pile. This should make possible activities of about 
twent.v times those now obtainable. 

In the meantime we have shown that if radioactive gold colloids are used 
as nuclei, the dispersion of silver results in a silver-coated colloid whicl) behaves 
in the same manner ph.ysiologicall.v as the silver metal colloids when introduced 
by bronchoscope. Using such coated colloids in tracer quantities it was found 
that appreciable amounts were di’ained by the thoracic lympliatics within from 
two to five da.ys following administration.'' 

According to the present methods used, thei'c appears to be a minimal 
amount of silver required to coat such gold nuclei and therefore total radio¬ 
activities due to the gold are limited somewhat due to the possible toxic effects 
of large amounts of silver. In order to obviate this in attempts to use thera¬ 
peutic quantities of the radioactive gold, bombardments of Au’®' at the Brook- 
haven National Laboratories were carried out with resultant specific activities 
of approximately five times those obtainable pi’eviousl.y in the Oak Ridge pile. 
Following the usual processing*' these materials were coated as will be described 
and administered by bronchoscope using an 18 gauge inner metal tube, the 
pro.ximal end of rvhich was fitted for a sjwingef for injection into the desired 
lobe of the lung. 

The earlier work with the straight gold colloids introduced by this route, 
in a fairly large series of dogs, indicated that the tolerance dosage was approxi- 
matelj^ 0.5 to 0.7 me. per kilogram of bodj"^ weight, higher dosages usually re¬ 
sulting ill death of the animal apparently due to pulmonary inflammatory 
pi'ocesses and their sequellac.® In contrast, dogs to which the silver-coated 
colloids have been admniistered in quantities as high as ten times the amounts 
just stated have failed to show an.y untoward clinical manifestations. Although 
at autopsy some of the latter animals showed considerable degrees of irreversible 
pathologic changes in the lung lobe involved, nevertheless they, for periods ot 
from one week to several months, exliibited no untoward s.ymptomatolog.y. It is 
felt that in all likelihood the silver coating, in promoting relatively rapid transfer 
from the lung parench.yina to the l.ymphatie s.ystem, thus protects the lung from 
an inordinate amount of irradiation over a rclativel.y prolonged period of time, 
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HAHN AND CABOTHEKS: LTJIPHATIC DRAINAGE 

It seems quite likely that this effect is achieved by reason of an irritation phe¬ 
nomenon, occasioned by the presence of silver which is gradually leached oft 
the colloid, giving rise to enlianced Ij-mphatie drainage. Grossly the pathologic 
chan<^es in the lung were much less than produced by the gold colloids. Histo- 
pathologieally it was found in many instances that the lymph node architecture 
was completely abolished, complete hyalinization having occurred, and in other 
nodes considerable alteration of the structure hai-ing taken place. 

AVithin the past year there has been reported by Aliiller and Hossier^’^ an¬ 
other procedure for irradiation of the lung parenchyma. These investigatoi-s 
employed the mieroembolic phenomenon obtainable by the introduction of large 
gold particles introduced intravenously through cardiac catheterization. In an 
elaboration of their technique the}’ adsorbed solulile gold onto relatively uniform 
particles of carbon of approximately 30 to 50 miera in size, following which the 
gold was reduced to the metallic form and subjected to irradiation by thermal 
neutrons. This latter procedure minimized the amount of small particulate mat¬ 
ter which would be carried through the capillary bed and on to the reticulo¬ 
endothelial system. It is to be stressed that these particles are of about one 
thousand times the size of those used in the investigations reported by ourselves. 
The previously mentioned authors show radioantographiC’evidence of uniform 
distribution of the radioactive material throughout the lung. Unfortunately 
we do not have any similar type of evidence for such distribution in our animal 
work described in this presentation. However, there is eveiw reason to believe 
that whether the mieroembolic procedure or the intrabronchial insufflation 
method is used that the lung pai’enchjTna will be adequately irradiated, in the 
fii-st ease from the capillai’}- bed and in the latter case from the alveoli. It must 
be kept in mind, however, that most bronehiogenie tumors derive their hlood 
supply from the bronchial artery, and therefore one gains very little in attempt¬ 
ing to iiTadiate the tumor mass proper or the lung parenchj-ma by either of 
these procedures. It is especially to be noted that introduction of the large parti¬ 
cle gold by the blood vessel route does not result in drainage by the lymph nodes 
of the thoracic cavity which would seem to be the most important contribution 
to the use of radiation as an adjunct in surgery as provided bv radioactive 
isotopes. 


METHODS 

A trpical shipment obtained from a Brookhaven bombardment through 
Abbott Laboratories, as received, consisted of 6.5 ml. of gold colloid eontainiiw 
0.6 mg. of metallic gold per milliliter and a radioactivitv amounting to 50 me 
per milliliter. Left in its original shipping vial, 2 ml. of silver nitinte solution 
containmg 2o mg. of silver was injected through the rubber stopper followin<^ 
which 100 mg of ascorbic acid dissolved in 2 ml. of pyrogen-free sterile distilled 

dispersion of the silver foUowin- the 
addition of the silver itself due to an excess of ascorbic acid which is present in 

„„ 1„.,, is in C„l„ to toUected light aL'' ,XSsh°Sav 
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to transmitted light. Occasionally it was found that the development of color 
required that the preparation be allowed to stand for as much as an hour. The 
vial was then reautoclaved and taking into consideration the volume dilution 
the radioactivity per milliliter was recalculated and the material used for treat¬ 
ment. 

Animals were dewormed, vaccinated against distemper, and maintained in 
the laboratory for a number of weeks prior to use in order that tlieir physical 
condition would he good. They^ were anesthesized with pentobarbital sodium 
(35 mg. per kilogram) and strapped to a table whose upper end was raised some- 
wliat to facilitate drainage downward into the lung. A small-sized bronchoscope 
was inserted, usually into the right lower middle lobe. An 18 gauge inner metal 
tube which had been fitted for a syudnge was then inserted. A lock-type syringe 
was attached and the colloid was injected as rapidly^ as moderate pressure on 
the plunger would allow. Carried out in open air this results in a stream of 
colloid emerging about 3 to 4 inches beyond the end of the inner tube and is 
therefore thought to result in tlie administration of the material under turbulent 
conditions which may facilitate tlie unifoi'm distribution of tlie colloid in the 
alveoli of the insufflated lobe. The animal was laid on the floor on his right 
side until recovery from the anesthesia occurred. In no instance was there any 
evidence of coughing noted. In these animals the volume of material insufflated 
was maintained at 5 ml. As stated previously in earlier experiments*’ the 
colloid was administered at a level of 0.5 ml. per kilogram, but it is not felt 
at the present time that the optimal volume dosage has been ascertained. 

In several of the experiments attempts were made to trace the relative 
mobility^ of the radioactive silver (Ag”®) coated gold nucleus (Au*“®) colloid, 
while in others the material insufflated consisted in an ordinary silver coat on 
the highly specific radioactive gold nucleus where liistologic evidence of damage 
to the lymph nodes was of special interest. Where the coating and nucleus 
were both radioactive, samples were counted Avith a standard commercial beta 
counter at intervals of approximately^ one Aveek, Aveighed fresh tissues being 
used and stored under refrigeration betAveen counting. In this AA'ay radio¬ 
activities Avere measured throughout the dissipation of the radioaetiA'ity of the 
Au*®® alloAving for final determination of Ag”® activities and determination by 
difference of the Au*®® activities by’ subtraction of the final from the original 
measurements. The half Ih’es of these tAA’o isotopes being 225 and 2.7 day’s, 
respectively’, this Avas relatively’ simple. 

The animals Avere usually’ sacrificed by’ the intravenous administration of 
an excess of nembutal. All discernible lymph nodes in the thorax Avere removed 
for study. Perinodular fat Avas dissected aAA’ay and the nodes Aveighed to the 
nearest 5 mg. Radioactivity’ Avas determined by’ direct counting using a thin 
mica-end AvindoAv counter. Where activities Avere very’ high a copper absorber 
AVas interposed. The nodes Avere then placed in 10 per cent formalin for sub¬ 
sequent seetioning and histologic study. 

EXPERIMENTAL OBSERVATIONS 

Prior to the use of therapeutic quantities of colloids some preliminary 
studies Avere carried out in a fcAV dogs in an attempt to folloAV the courses taken. 
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respectively, by the silver coatings and the gold nuclei by making use oj doubly 
tagged colloids in Mhich Ag^« Mas employed as the coat for Aii • nuclei. A 
group of foul- dogs ranging in iveight from seventeen to tvrenty-one pounds 
were administered Ag”" coated An”® colloids in quantities representing ap¬ 
proximately 4 me. of the gold nucleus and only tracer quantities in the silver 
coat. These animals were sacrificed at five, eight, and twelve days and ^ 
months, respectively. Eadioactirity measurements in the first three 

51-94, and 51-96) indicated that tlie isotope ratios were such as to show 

that some of the silver was gi-adually lost from the lung during the fii-st. tweli e 
days and tended to accumulate in the liver. It is of some interest to note that 
the animal 51-100, sacrificed at six months, stiE showed considerable activities 
in a number of the IjTnph nodes as weU as the lungs, especiaUy the treated lobe, 
in contrast to some animals to be described later which received what is now 
looked upon as therapeutic quantities of coated colloids. Unlike the gold which 
is practically insoluble in body fluids, the silver is slowly dissolved and in such 
form is thought to be highly inflammatory in nature. It is felt that this perhaps 
constitutes the chief reason why drainage by the lymphatics is facilitated. 

The next three dogs 51-71, 51-72, and 51-73 were fitter mate female hound 
mongrels of approximately 7 months of age and weighing sixteen to twenty 
pounds. They were nembutafized, the bronchoscope inserted, and Ag’’® coated 
Au”-' colloids introduced into a single lobe of the lung. The activity of the 
silver coat was of tracer orders of magnitude but the activity of the gold nucleus 
in each ease was 50 me. Earlier studies’ indicated that the tolerance of the dog 
to straight gold colloids administered by this route was approximately ^ me. 
per kilogram of body weight. Higher doses i-esulted in death, usually due to 
pulmonary causes, within ten days to two weeks. These three animals were 
followed for about a period of six weeks dui-ing which time they were in excel¬ 
lent clinical condition and manifested no reaction to the radioactive materials. 
They were sacrificed by the administration of intravenous chlorofoi-m. At 
autopsj- 51-71 showed no necrotic area in the right lung which would correspond 
to the site of insufilation. There were rivo grayish white streaks of approximately 
5 to 6 cm. in length and about % cm. in width on the right lower lobe which it 
was felt probably represented the site originally involved. Activity measure¬ 
ments (Table I) showed highly divergent quantities of residual radio silver’", 
there being no measurable amounts of An"’ activity left after about sixteen 
half lives of this isotope. It was interesting to note that there was 50 per cent 
higher concentration of radioactivity in the left mediastinal as opposed to the 
right mediastinal node. Similarly, the right bronchial node showed practicallv 
no radioactivity whereas nearly 300 times the concentration of this aetivitv 
was lo^d in one of the left bronchial nodes. However, in another left bronchid 
node there agam was very little activity. Unlike many of the earlier animals 
given silyer-coated colloids there was relatively little aetivitv in the node 

'' little reddnal 


activities, one section, through the streaked 


area of the right lower lobe, how- 


ever, shoivmg a significantly higher count and indicating onlv tP.t n,- 
the e,te of depotttion of tie eoUoid. Bovver, one migte ear'll., eslt«rilv 
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Table I. 51-71. Intrabronchial Agho Coated Au’ss (50 mc.) Colloid 



WEIGHT OP WHOLE 

COUNTS PER MIN. 

COUNTS PER JriN. 


NODE IN GM. 

PER GM. 

PER GLAND 

L. mediastinal 

.09 

137,000 

12,319 

B. mediastinal 

.22 

99,000 

21,800 

L. bronchial A 

.19 

395 

75 

L. bronchial B 

.05 

113,000 

5,601 

B. bronchial 

.11 

625 

69 

E. tracheal 

.04 

143,000 

5,025 

Bifurcation 

.13 

6,900 

900 


WEIGHT OF TISSUE 

COUNTS PER MIN. 



SAMPLE IN GM. 

PER GM. 


L. upper lung- 

.2S 

189 


L. mid-lung 

.37 

111 


L. lower lung 

.44 

20 


B. upper lung 

.36 

120 


B.. lower A (1) 

.35 

31 


E. lower B (2) 

.63 

.386 


Liver 

.38 

540 



Sacrideed after 

37 days 



complete drainage had occurred. The liver showed a moderate amount of 
activitj'^ indicating drainage of silver by that organ. 

The previous animal’s litter mate, 51-72, showed quite a different pictiue 
than her sibling. The levels of radioactivity remaining are considerably higher 
than those in the previous dog. At autopsy the right lower lobe showed a 
grosslj’’ necrotic area of approximately 2^4 cm. in diameter which laigelj re 
sembled such areas found in the lung following the intrabronchial introduction 
of the gold colloid alone. The right lower lobe, that part which appeared more 
normal, contained over four times the concentration of radioactivity ^ ® 
necrotic area in the right lower lobe (Table II). This maj’’ merely mean t a 
the silver sloughed out folloiving the dissipation of the irradiation due to t e 
gold. In this animal the right mediastinal nodes, of which there weie tvo, 
showed decidedlj’^ higher concentrations than the left. However, the left ion 
chial node had approximately twice the activity of the right bronchial no e. 
Also there were two right tracheal nodes Avhich showed a wide disciepancj m 
their concentration of radio silver and the left tracheal node contained a eon 
centration equal to one of the right ti’acheals and four times the concentiation 
of the other right tracheal node. The right axillary node taken as a contio 
showed background activity as miglit be expected. 

The third litter mate of this group, 51-73, like 51-71, showed no gross lesi<m 
of the right lower lobe into which the colloid had presumably been insufflate 
All lung bloclts had exceedingly low activities (Table III). The left and particu 
larly right mediastinal node showed high levels of silver aetivit 3 " and the rig 
tracheal node showed moderately high levels. Other nodes were quite low in t eii 
silver content. All nodes and lung tissues from this animal v’ere eounte on 
four occasions and the activities were essentially the same in all instances in 1 
eating that the latter were derived from the Ag''® and none from any resi ua 
gold activities. 
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Table II. 51-”- 


L. mediastinal 
B. mediastinal A 
R. mediastinal B 
L. bronchial 
E. bronchial 
L. tracheal 
R. tracheal A 
R. tracheal B 
Bifnreation A 
Bifurcation B 
E. axillary 


li. upper lung 
L. loner lung 
R. upper lung 
E. middle lung 
E. loner lung 
E. loner necrotic 


Liver 


I>-Tr..\BBOXCHIAL Ag”<> CO-ATED A-ClSS (go MC.) COLT.OID 


■SnEIGHT OF XOBE 
IX Git. 


IVEtCHT or TISSUE 
S-AilBLE IX Gil. 


0.21 

0.5S 

0.53 

0.27 

0.6S 

0.64 


0.72 

Sacrificed alter 


COUNTS PER MIX. 
PER CM. 
00,000 
250,000 
360,000 
3,400 

I. 940 
23,500 

6,300 

21.700 

22,600 

II, 000 
_ 133 

COUXTS PEE MIX. 
PER Gil. 


COUNTS PER MIX. 

PER GL.AXD 
3,146 
7.60S 
0,064 
1.02S 
272 
1,64S 
887 
1,089 
3,384 
1.655 
10 


42 days 


Dog 52-183 i\-as a mongrel aliont 2y2 years old, iveigWng forty-five pounds, 
to wfiom was administered 120 me. of a silver-coated gold colloid intrabron- 
chially. After six days, during which period he appeared to he in excellent 
clinical condition, the animal was sacrificed with nemhntal. The lungs on both 
the right and left sides were edematous and when cut exuded a free-running 
serous fluid. Otherwise there was nothing grossly of interest. 

The radioactmty data are shown in Table TV where it is indicated that 
there ivas some spilling over of the colloid from one lobe of the right kins to 


T.\ble III. 51-73. 1XTE.ABR0XCHI.AL Agho Co.ateu Am'Js (go MC.) Colloid 


D.ATE COUXTED 3/15/52 


L. mediastiual 
B. mediastinal 
L. bronchial 
E. bronchial 
L. tracheal 
R. tracheal 
Bifurcation A 
Bifurcation B 
R. axillarv 


L. upper lung 
L. lower lung 
i!. upper lung 
E. middle lunp 
R. lower lung 


u-eight or 
TISSUE 
SAMPLE 
IX GM. 


COUNTS 
PER MIX. 
PER GM. 


3/17/52 


COUNTS 
PER MIX. 
PER Gil. 


00 
00 
20 
47 
3,800 
1S.SO0 
46 
26 
S 


/I9/52 


COUXTS 
PER MIX. 
PER GM. 



3/25/52 


COUXTS 
PER MIX. 
PER GM. 

OM 
OCIO 
30 
47 
600 
000 
IS 
41 
4 


COUXTS 
PER MIX. 
PER GL.AXD 


Sacrificed at end of 42 dare 
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another. Of chief interest, however, is the fact tliat all of the nodes taken from 
the thorax showed values of radioactivity concentrations approximating that of 
the treated lobe or as high as eighteen times as much in tlie case of the right 
mediastinal node. As has been pointed out before, there is indication of ex¬ 
cellent cross di’ainage as shown b 3 '' tlie activities in the nodes taken from the 
left side. From a standpoint of time element this animal showed an excellent 
degree of IjTOphatic drainage, and adequate irradiation of all the thoracic lymph 
nodes was accomplished. One may only approximate the roentgen dosage re¬ 
ceived by the lymph nodes, assuming uniform distribution of the colloid through¬ 
out the node. 


Tablk IV. 52-1S3. Intrabronchial Ag Coated Aoios Colloid (120 mc.) 



"VVEIGHT OF 
NODE 

COUNTS PER MIN. 
PER GM, 

COUNTS PER MIN. 
PER GLAND 

PER CENT 
TREATED LUNG 

L. mediastinal 

0.09 

19,100 

1,730 

1,310 

R. mediastinal 

0.11 

26,500 

2,925 

1,830 

L. sternal 

0.73 

4,700 

3,430 

325 

R. sternal 

0.8,1 

3,560 

2,840 

245 

L. tracheal 

0.13 

7,280 

947 

500 

R. tracheal 

0.28 

15,800 

4,440 

1,090 

L. bronchial 

0.36 

1,260 

452 

87 

R. bronchial 

0.10 

1,530 

153 

107 

Bifurcation 

0.10 

5,050 

810 

350 

L. upper lung 

L. lower lung 

R. upper lung 

R. middle lung 

R. lower lung 

Liver 

Heart 

216 

64 

690 

1,450 

1,050 

49 

26 

Sacrificed after 6 days 

15 

4 

47 

100 

72 

3.4 

1.8 


In order to calculate the equivalent roentgen dosage delivered to the various 
tissues, one is forced to make a number of assumptions. Among these is one, 
admittedlj'^ incorrect, to the effect that radioactive material remains in the same 
site at which it was found at time of sacrifice. From the various animals 
studied in this group this is obviouslj’^ not true but for the purposes of an 
estimate we may take in animal 52-183 the distribution as found at the end of 
six days. In this animal we must further assume that the tissues examined con¬ 
tained the total of 120 mc. of gold administered. Taking an average lung lobe 
as 40 6m. and the liver of this animal to be 450 Gm., and making the necessary 
calculations using the for gold of 76, we find that the approximate beta 
equivalent roentgens delivered^’ * are approximatelj’- 2,500 e.r. to tlie liver. 
This is approximately that used in therapeutic management of chronic leukemias 
and is well tolerated bj"- this organ.®' ^ That amount of radiation delivered to 
the lung tissue will approximate 35,000 e. r. and to the lymph nodes appro.xi- 
mately one-quarter of a miUion roentgens. 

Dog 52-186, a male adult mongrel chow about 2 jmars old, had 50 mc. of a 
silver-coated gold colloid administered bs' bronchoscope and the animal was 
sacrificed ten daj'S later by the administration of intravenous nembutal. The 
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clinical condition of tlie animal in the interim exceUent. Although most of 
tSLtirity .as found in the right leer lohe of the hmg ^ ! 

other lohes of the right Inns sho.ed fairly considerable amounts of actmt. 
(Table Y) In contradistinction to the other animals described receiving thera- 
Sric doses there .as rather poor di-ainage of the eolloid by ^horacie 
Ivmphatics. Only the lymph node at the bifurcation of the ti-achea had ac- 
Jum^ated anv appreciable amount of radioactivity and this .as only 66 pei cent 
of the concentration per gram of fresh tissue as that found in the treated lobe 

of the lung. 


Tabi-e Y. 52-1S6. Ag Coated Aci®® (30 mc.) Coeeojd Ixtbabeokchxali.v 



TTEIGHT OF 

COUXTS PEP. MIX. 

COexTS PEP. MIX. 

PEE CENT 


XODE IN GM. 

PER GM. 

PEP. GIAXD 

TPXATED LOBE 

li. sternal node 

.31 

96 

30 

0.6 

E. tracheal aode 

.21 

43 



L. mediastinal node 

.07 

415 

29 

U.D 

B. mediastinal node (fat) 

.78 

520 

405 

8 

L. bronchial node 

.47 

280 

131 

S 

B. bronchial A node 

.34 

2.030 

692 

14 

B. bronchial B node 

.16 

6,460 

1,036 

21 

Bifurcation node 

.69 

4,6S0 

3,235 

66 

AxiUarv node 

.55 

13 

7 

0.1 


WXIGHT OF 





SAMPLE 





I^* GM. 




L. upper long 

.18 

326 

59 

1.2 

L. lower long 

.33 

140 

46 

0.9 

E. upper lung 

.51 

1.900 

96S 

20 

E. middle lung 

.74 

2,600 

1.932 

40 

E. lower lung 

.96 

5,100 

4,900 

100 

Liver 

1.1 

S 

9 

0.2 


Sacrificed after 10 days 




Dog 52-173, a male mongrel of about 2 yeai-s of age and .eighing thirty- 
three pounds, .as given a silver-coated gold colloid representing So mc. of 
An’®- into the right lo.er lung by bronchoscope. At the end of twenty-six days, 
during which time the clinical condition of the animal appeared to be excellent, 
he was sacrificed with nembutal. Approximately one liter of fluid was found in 
the pleural cavity although the lungs grossly appeared to be normal pink in color 
and there was no sign of hemorrhage. Activity measurements shown in Table 
YI indicate that drainage from the treated lung by this length of time was 
nearly complete. Distiibution of radioactivity in the various thoracic lymph 
nodes was quite satisfaetoiy reaching as much as twenty-four times that of the 
treated l^g in the case of the left sternal node. It is again of interest that the 
left mediastinal, left bronchial, left sternal, and left tracheal nodes all showed 
higher actirities than their corresponding right-sided nodes. Therefore there 
seemed to he a preferential drainage to the left side in this particular animal 
No attempt is made in this brief presentation to include a complete studv 
of the pathologA- and histopathologic findings of the tissues and neither is there 
an attempt made to correlate comprehensively such findings with the radiation 
*hver«J. Th,s b. done in more de.aU n, n latter date.- Howev“' a 
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Table VI. 52-173. Ag Coated Auios Colloid Intdabroncjiiallv (85 mc.) 


I WEIGHT or NODE 

I IN GJI. 

1 COUNTS PEP. MIN. 

I PER CM. 1 

1 COUNTS PER MIN. 

I PER NODE ■ 1 

1 PER CENT 

1 TREATED DUNG ‘ 

L. mediastinal 

.31 

7,900 

2,453 

1,000 

H. mediastinal 

.]4 

8,100 

1,131 

740 

L. bronchial 

.24 

750 

180 

118 

B. bronchial 

.20 

835 

107 

108 

L. sternal 

.00 

0,130 

3,080 

2,400 

R. sternal 

.77 

4,050 

.3,117 

2,000 

L. tracheal 

.37 

930 

343 

220 

R. tracheal 

.SO 

81 

Go 

43 

L. bifurcation 

.00 

050 

429 

280 


WKICJIT OF 





SA^rPI-.E IK OM. 




L. upper lunc 

.41 

37 


10 

L. lower lung 

.50 

24 


S 

B. upper lung 

.41 

71 


19 

B. middle lung 

.52 

40 


13 

B. lower lung 

.50 

310 


100 

Liver 

.79 

530 


270 


Sacrificed 20 dny.s following instillation 



of selected sections varying widely in tlieir, residual radioactivity content were 
submitted for liistopatliologle examination and tlie i-esidts are briefly described 
here. It is to be noted that in general the elianges seem to parallel quite closely 
the degree of residual aetivit.y present in the tissues. There are one or two 
exceptions. It should be pointed out that the columnated flgnres of radio¬ 
activity in Tables I to VI expressed in counts jier minute per gram of fresh 
tissue are relative values, inasmuch as some samples were of such higli activity, 
it was necessary to use adsorbers intei’posed between the mica window counter 
and the sample. In otlier instances tlie counts wei'e relatively low due to pro¬ 
tracted time intervals between insufflation of colloid and sacrifice and it was 
possible to count directly under the window. 

Ilistopatliology ^^.— 

A. Dog 51-71 

1. Left mediastinal Ijmiph node was h.yalinized with obliteration of 
afferent and efferent lymphatic channels and showed earlj^ calcific deposits. 
There were no marginal or medullary sinuses and no l.vmpliatie or reticulo¬ 
endothelial tissue present. 

2. Eight mediastinal lymph node was similar to left mediastinal lymph 
node with glass 3 " hjmlinization. There was fat necrosis with sheaths of fatty 
acid crystals and thrombosis of lymphatics. 

3. Right bronchial Ij^mph node showed In'perplastic l.rmiphatie follicle. 
No radiation effects were evident. IMarginal sinuses were difficrrlt to make out. 

4. Eight tracheal lymph: subtotal (80% ±) hyalinization witli some 
persisteirce of reticular elements. 

5. Bifurcation was similar to right bronchial node. 

»We are deeply indebted to Dr. R. L. Holman for his kindness in reviewing: some of 
the histopatholoeic sections on these animals. 
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6. Lung: right lower lohe showed patchy fibrosis rvith a question of 
lipoidal type pneumonia. There was a questionable thrombosis of one of the 

blood vessels. • -.t e 

7. Ixmg: right lower lobe similar to but not as marked as in iSo. b. 

8. Left lower lobe showed patchy interstitial pneumonia with question¬ 
able foci of necrotizing arteritis. _ 

Simmiary: (1) Ljunph nodes can be obliterated by the technique emploi ed. 
(2) In process of obliteration both lymphatic and reticuloendothelial tissue 
undergoes coagiilative necrosis ivith subsequent hyaliiiization and calcific^ de¬ 
posits. (3) Both afferent and efferent Lunphatic channels appear to be obliter¬ 
ated in the process. (4) Beaetion in the lung is not striking and is patehi. 


B. Log 51-72 

1. Eight mediastinal Ijunph node (a) showed complete hyaliiiization 
with collapsed sinusoids and a question of arteritis. Bignient in this node was 
felt probably to be anthracotic but the possibility of its representing silver or 
gold has not been excluded. 

2. Eight niediastuial lymph node (b) was similar to (a) in No. 1 and 
ivith arteritis. 

3. Eight bronchial lymph node presented a picture of atrophy of Ijm- 
phatic tissue, reticuloendothelial hyperplasia, early necrosis and hemorrhage 
(especially about blood vessels). The architecture of the lymph node persisted in 
focal areas, both cortical and medullary. 

4. Bifurcation node (a) was similar to but less marked than right bron¬ 
chial Ijuuph node No. 3. Some germinal centers were present. 

5. Eight axillary hunph node was similar to bifurcation No. 4. 

6. Lung: left upper lobe showed minimal intei-stitial reaction ndth 
lipophages. 

7. Lung; right lower lobe, had pneumonic process especially hemorrhage 
and slightly more marked than in No. 6. 

8. Lung; right lower lobe, had large areas of coagulation necrosis with 
questionable thrombosis. 

Summary: Findings in this dog were similar to those in 51-71 but in 
addition suggest: (1) The necrosis of the right lower lobe may be related to 
infarction. (2) Slight to moderate doses of radioactirity exposure lead to 
atrophy of lymphatic tissue uith reticuloendothelial hyperplasia. 


C. Dog 51-186 

1. Eight bronchial hmrph node (a) showed early necrosis especially of 
lymphatic tissue as well as some reticuloendotlielial hvperplasia Marked 
anthraeosis was noted especially in medullary part 


Eight bronchial Imnph node was similar to (a) just described 

3. Eight tracheal h-mph node had few active germinal centers and 

4. Bifurcation lymph node was similar to No 3 uith laro-^ 

cytcs cnmlSns lymphocte i,, remnants of gemin.l eoMcrs ' 
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. Left Sternal lymph node was similar to bifurcation AL. 4. 

6 . Axillary l.ymph node was similar to No. 4 and No. 5. 

7. Liver was not noteworthy. 


ummary: In ten days there ivas stimulation, exhaustion, and phagocytosis 
m germinal areas, and some reticuloendothelial hyperplasia with hemorrhage 

in sinusoi s. Apparently this represents the early stages in the process that 
ends in hyalinization. 


DISCUSSION 

Theie aie seieial important points which must be considered in light of 
le pill pose of the described experiments. If we liew to the proposed line of 
a ac i of bionehiogenic tumor 63 ’’ the instillation of these radioactive colloids 
intiaiionchiall 3 '- prior to pneumonectom 3 ’- we are presupposing that such col- 
01 a material would behave in the diseased human organism similar^' to that’ 
u lie 1 is found to obtain in the normal dog’s pulmonar}' s 3 'stera. 

Several points of interest are worthy of mention. The frequency with which 
the contralateral nodes concentrated radioaetiidty is eloquent evidence of cross 
^ lainage of the Lmiphatics and fits in ivith the findings of metastatic processes 
in least and lung tumors. However, drainage b}" the various nodes appears to 
be quite iiaphazard. For example, in Dog 51-71 there were two bronchial nodes 
ound on the left side; one of ivhich showed 250 times the concentration of 
radioactivity as the other. Again in Dog 51-72 two right tracheal nodes differed 
in concentration of the silver by a factor of 3. In 52-183 the distribution of the 
coated colloid was excellent regarding the findings in the thoracic tymph nodes. 
On the other liand in certain other animals there was a disappointing amount 
of concentration of the colloid in some L'mph nodes and inadequate irradiation 
of such tissue resulted. 

We note that in Dog 51-72 the lungs showed, especially in the lobe into 
which the material was administered, considerabL'^ higher radioactivities than 
in the two dogs, 51-71 and 51-73, the latter having manifested no gross patlio- 
logic lesions. The amount of material at hand is too meager to enable us to 
speculate lyhy in this particular animal the silver was not drained as eompleteL 
as in the others. In the case of Dog 51-73, repeated measurements were made 
of the lymph nodes and lung blocks in order to reassure ourselves that the 
residual activities were due to the Ag“” isotope and the data substantiate this 
(Table III). Again, in this animal the tremendous variations in the radio¬ 
activity concentrations in the various nodes are apparent. In several other 
animals whez’e sacrifice occurred at rather belated intervals the concentration 
in the Lrmph nodes was many times that in the insufflated lobe of the lung. 
Such intervals betiveen instillation and sacrifice sometimes are of a length 
which is far longer than tlie time neeessai’y for the dissipation of all the radiation 
from the gold nucleus. Therefore it may well be that for the most successful 
irradiation of such nodes, we shall ultimately be ivell advised to resort to use of 
the Ag^^^ isotope which, having a half life of seven and one-half days, ma}' he 
much more suitable for prolonged irradiation in metastatic bronchiogenic tumor. 
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\s to the imiformitT of distrihiition of the colloid in the lymph nodes it 
might he said that the fenr antoTadiogvaphs Mhich have been made of these 
tissues simgest a rather spotty distrihntion. A great deal of further expeii- 
mentation must he carried out to assess the factoi-s vrluch determine the deposi¬ 
tion ox colloid in diSerent lymph nodes. ^ ^ ... 

The extremely variable distribution of the radioactive material in ti^iies 
demands a large margin of safety, regarding both minimal dosage compatible 
with a eaneeiicidal efiect in the IjTiiphatic system and a dosage js n^ too 
deleterious to other tissues. If, for instance, one considers Dog ^2-173 (Table 
IT) wliich was sacrificed twenty-six days following intrabroncliial instillation 
of the colloid it would be found that the liver radiation dosage was quite con¬ 
siderable. However, we have in other studies found that this organ is capable 
of withstanding relatively massive amounts of irradiation before irreversible 
pathologic changes are undergone.'*' * The wide vaiiations in the dosage of 
radiation delivered to the h'mph nodes is partially compensated for b.v the fact 
that we are. in most oases, dealing -with many times the probable cancericidal 
dose. 

Taking into consideration the fact that the half-path of the gold beta par¬ 
ticles is 0.4 mm. in tissue this would allow for the order of magnitude of only 
forty cell diametera for a lethal effect to be attained regarding malignant cells. 
On the other hand, in working in the order of 10'' equivalent beta roentgens, 
we are in a I'ange where there is probably no inconsiderable amount of effect 
due to the relatively small gamma component of this isotope and in the final 
analysis it may well he that a satisfactory therapeutic dose may be realized. 
Of couree, as stated elsewhere, the foregoing values are based on normal dog 
tissue and it remains to be seen whether such factore as blockage of lymphatic 
channels bv tumor tissue in the cases of luunan malignancy will opei'ate to 
render impossible the deliveyv of adequate amomits of irradiation nnder such 
conditions. 

Throughout all such conjecture one must keep in mind that all calculations 
at the present time are carried out on a basis of rather sweeping assumptions 
due to the transient behavior of the radioactive colloid in the tissues under 
consideration. It is not likely that dosage calculations shall ever he as simple 
as those for x-irracliation or for implants of long-lived material (for example 
radium) and it is weU recognized that the difficulty of calculatin- iraadiation 
dosage for these latter is complicated enough. 

It should be noted in favor of tlie likeUhood of ohtainins adequate irradi 
ation despite inliomogeneous distribution of the coUoid in the nodes that for 
example, in Dog 51-71, several of the nodes winch had received the laraest 
amount of radiation had atrophied to the point that thev weighed onlv from 
40 to 90 mg. The total dimensions of the nodes at such a timeVere such that 
adequate beta irradiation must have been accomplished in spite of the short path 
of the beta particle of the isotope used. In the illustntirm nf tu i * ? 

graph of such a node (Fig. l),\he entire imde f“emed O? 
rannot say for certain how much of the atrophv preceded the umtinl 
dissipation of the energy from the contained* isotope. 



278 


THE JOURNAL OF THORACIC SURGERY 


Wliat appears at present to be a limiting factor in the efficacy of the instil¬ 
lation of radioactive colloids intrab 2 ’onchia]l 3 ^ as a form of treatment is repre¬ 
sented by the vddelj- discrepant activities exhibited bj'^ the various lymph nodes 
studied. Our knowledge of the Ijunphatie drainage of the thoracic cavity as 
well as other areas of the bodj’^ is in a parlous state. Further use of colloids 
with and ■without concomitant studies of the effect of localized inflammatory 
processes may assist in divulging which factors are operating to cause concen¬ 
tration of these materials in certain nodes. The dog is notoriously prone to 
develop pulmonary infections and it may well be that certain nodes at various 
times are subject to inflammatory reaction and therefore may concentrate mate¬ 
rials to a different extent than near-bj’^ nodes. 



Fig^. 1.—Dog 51-72. Right mediastinal node. (Hematoxylin and eosin; Xl50.) 

As stated before in dealing with liuman pathologic conditions the proha- 
bilitj’’ of tymphaties being plugged bj’’ tumor tissue and, therefore, being im¬ 
pervious to transport of the colloid to the nodes must be considered. Studies 
are underwaj" in several far-advanced cases of bronchiogenic tumor in human 
beings to determine the degree of deposition of such colloids under these circum¬ 
stances. The possibilitj' should be kept in mind that development of collateral 
lymphatic drainage under such circumstances ma 3 " possibly come to the aid of 
the therapist. 


HAHis A2sD CABOTHERS'. l.ViVPHA'rlC ORAIXAGE 
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STJAIAIARY 

The distribution of silver-coated radioactive colloidal gold particles, follow¬ 
ing their intrabronchial administration in dogs, has been studied at levels of 
radioactivity which are estimated to be in a therapeutic range for treatment 
of metastatic lesions in bronehiogenie tumors. 

A short series of experiments in which the silver coat as well as the gold 
nucleus were radioactive indicates that the silver eoat is gradually leached oft' 
in the lung and is carried to the liver for ultimate secretion, probably by the 
biliaiy tract. 

It is foiuid that the silver assists in the transport of the radioactive gold 
nucleus by way of the Ivmvphatics to the thoracic nodes thus facilitating irradi¬ 
ation of these common sites of metastatic processes. 

Estimated roentgen equivalent dosages to various tissues of interest would 
suggest that the amount of iiTadiation encountered by the liver is well within 
tolerable limits by a factor of perhaps 10 times. Dosages to the lung into which 
the material was introduced are relatively high but this tissue is considered 
e.xpendalfte since in most cases pneumonectomy is planned when treatment is 
anticipated. Dosages to the lymph nodes are estimated to be of the order of 
several hundred thousands eciuivalent beta roentgens. It is felt that dis¬ 
crepancies in uniformity of distribution in such tissues would be well taken care 
of by the large factor of safety over estimated cancericidal doses necessaiy to 
deal vnth metastatic processes. The possibility of obstruction in the cases of 
metastatic tumor involving lymphatic channels is considered. Also the possi¬ 
bility of collateral lymphatic drainage under such conditions is hypothecated. 

Study of drainage by the lymph nodes in cases of bronehiogenie tumor in 
human beings is obviously necessary before the distribution of radiation can 
be depended upon as a therapeutic procedure. 
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INTRAPEEIOARDIAL DISSECTION IN LEFT PNEUMONECTOMY 
■FOR BRONCniOGENIC CARCINOSIA 

John 'W. Kirklin, and Robert W. Jampolis, M.D/'* 

Rochester, Minn. 

P ULMONARY resection is generally accepted as the treatment of choice in 
cases of carcinoma of the lung in ivliich the lesion is operable. There is as 
yet, however, no general agreement a.s to what constitutes an adequate radical 
resection in eases of cancer of the lung. One approach to a more extensive 
resection of tissue has been the employment of intrapericardial dissection. 

Intrapericardial dissection is practicable in the performance of both right 
and left pneumonectomy. The problem is somewhat different in cases in wliich 
a right pneumonectom 3 ^ is necessaiy as contrasted with those in which a left 
pneumonectom 3 ’’ is necessary owing to the anatomic differences pertaining in 
the two hemithoraces. To avoid confusion regarding this, we sliall limit this 
presentation to a discussion of certain features of left pnenmonectom 3 ’’ concerned 
with the intrapericardial handling of the vessels in this operation. 

historical background 

The first successful pneumonectomies were performed by Nissen,^ Haight,'^ 
and Graham and Singer^ eniplo 3 dng the tourniquet technique; however, it was 
Rienhoff^ who early advocated the individual dissection, ligation, and division 
of the hilar structures, and perfected the technique^ used by most surgeons 
today in performing the standard pneumonectom 3 L 

Consistent with the general principles of cancer surgery, en bloc dissec¬ 
tion of the tiimor and suiTounding involved structures should be effected m 
operations for cancer of the lung. Credit for extending the limits of dissec¬ 
tion in pneumonectomy to include the intrapericardial portion of the vessels 
and mediastinal nodes goes to Allison.® He first described the technique m 
1946, stressing the fact that tissues should be removed in continuity. Later, 
in discussing a paper by Churchill and co-workers," he stated that "to do 
either a lobectomy or a pneumonectomy and then pick out isolated glands 
from the mediastinum is to forg-et our surgical pathology.” lYhile in 1942 Ins 
extrapericardial dissections outnumbered the intrapericardial ones 6 to 1, m 
1949, 23 out of 27 pneumonectomies were radical resections in which a portion 
of the pericardium was excised. Of interest also was that during this period, 
his operative mortality rate dropped from 23 per cent to 4 per cent. 

In this country. Gibbon and co-workers® were the first to stress the merits 
of intrapericardial ligation and division of the vessels when dealing with 
bronehiogenie carcinoma. In 10 out of 20 reported pneumonectomies,® such a 
procedure was essential if the lesion was to be resected at all. In a later 
communication, Healey and Gibbon® reported 44 out of 102 pneumonectomies 
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performed by this technique and discussed their findings on intrapericardial 
anatomy based on dissections of 185 adult cadavers. Other recent reports’®’ ” 
have mentioned the usefulness of intrapericardial dissection. 


rjsDlCATIOXS 

There are two instances in which it seems mandatory that the surgeon 
enter the pericardial sac for the secui’ing of the pulmonary vessels if he is 
to effect left pneumonectomy. The first exists in cases in which the carcinoma 
has extended in such a fashion as to render extremely hazardous or impossible 
the securing of the pulmonary artery or of the pulmonary veins outside the 
pericardium in the usual fashion. The second situation pertains in cases of 
carcinoma of the lung in which the involvement has progressed so that there 
are nodes and tissues involved overlying the pulmonary artery or perhaps 
along the inferior pulmonary vein or along the mediastinum medial to the 
left main bronchus and behind the heart. The tissues at these sites cannot 
be adequately excised en bloc by the standard left pneumonectomy. However, 
it has been our experience that these tissues can be radically and accurately 
excised along with the lung by securing the pulmonary vessels within the 
pericardium, and by excising a portion of the pericardium along with the 
tissues overlying the aortic arch and pulmonary artery and those hung be¬ 
hind the pericardium. 

There remain many eases of carcinoma of the lung in which it is techni¬ 
cally feasible to remove the huig withoxrt entering the pericardium. Nonethe¬ 
less, by entering it, a more extensive removal of tissue is possible. There is 
not yet sufficient evidence to permit a conclusion as to whether such an ap¬ 
proach is advisable in all operations for bronchiogenic carcinoma. At pres¬ 
ent, it is our belief that in peripheral carcinoma of the lung xvithout nodal in¬ 
volvement, lobectomy is indicated. If the lesion is centrally loeated, but 
small and withoixt local extension or significant involvement of lymph nodes, 
pneumonectomy without intrapericardial dissection is probably admsable. 
However, if there is any degree of local invasion or if there is considerable 
nodal involvement, a more radical pneumonectomy such as will be described 
is believed by us to be advisable. 'VVe recognize that such an extended oper¬ 
ation may become admsable for all centrally located carcinomas of the lung 
when further data regarding mortality and curability become available. 




For intrapericardial dissection of the pulmonary vessels on the left side 
the pericardium is incised over the region of the left atrial appenda-e- this 
incision often is made just posterior to the left phrenic nerve. H There is 
considerable invasion of the pericardimii, the incision is made anterior to th^ 
phrenic nerve to allow a more generous excision of it (Pig. l) The incision 
IS carried cephalad to such a point that the pulmonarv arterv and aorta are 
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superior pulmonary vein is dissected out and doubly ligated flush ivith the 
left atrial wall and divided. The inferior pulmonary vein is similarly treated, 
again ligating it flush with the left atrial wall. 



Fig’. 1.—Intrapericarclial dissection. Initial incision in the pericardium and mediastina 
pleura. On occasions when the tumor docs not invade tissue near the phrenic nerve, 
incision may be made just posterior to the phrenic nerve in order to preserve it. 

Next, the left pulmonary artery is dissected out and completely mobilized 
up to the ligamentum arteriosurn. The artery is then doubly or triplj" ligated 
just distal to the ligamentum arteriosurn and divided. During the mobiliza¬ 
tion of the pulmonary artery, it is important to sweep all the overlying peri¬ 
cardium and soft tissues including the lymph nodes back toward the Inng so 
as to obtain a wide resection of them (Fig. 2). 

The dissection is then carried eephalad over the aortic arch, sweeping all 
the soft tissues and lymph nodes in this region down with the resected speci¬ 
men. It is usually necessary in this maneuver to sacrifice the vagus nerve. 
Usually, but not always, this can be done distal to the origin of the recurrent 







^ nf tlie resection, there is a defect in the pericardium that some- 

At the end of the ,, ,et seen no iU effect from 

n,; .t pic- » ..U^d ao,™ =ov„ .w WcLM 

strap! The thoracic tv.tU is closed in lat-ers. Drainage IS not emploTed. 


coiiiiE^rr 

There exists at the present time a -wide disparity in the vien's held by 
surgeons concerning the extirpative treatment of malignant lesions, ^ere 
are those surgeons -ivho feel that extended operations for carcinomas oi bor- 
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derline operability are not wise and that very few if any patients will be 
benefited permanently by such procedures. There are others who feel that 
radical extensive operations should be done not onty for carcinomas of bor¬ 
derline operability but for all carcinomas. There are excellent arguments for 
both schools of thought and it is impossible at this time to state dogmatically 
that one or the other is correct. 



Fig. 3,—Still later stage in intrapericardial dissection. Note that the nodes and soft 
tissues have been swept down from the upper reaches of the left main bronchus, in preparation 
for transection of this bronchus just distal to the coryna. 

In most eases of centrally located carcinoma of the lung, it has seemed 
to us advisable to carry out a resection which is somewhat more extensive 
than the standard pneumonectomy. On the left side, this implies not only 
ligation of the pulmonary vessels "within the pericardium but also wide re¬ 
moval of a portion of the pericardium and all the Ijmiph nodes surrounding 
the extrapericardial jiortions of these vessels. It implies also wide removal of 
the soft tissues beneath the aortic arch and all the lymph nodes going up along 
the left main bronchns to the coryna. It implies high division of the left main 
bronchus so as to get well above the carcinoma. 

It is our opinion that such an extended pneumonectomy should offer most 
patients requiring the operation some better hope of cure than the traditional 
operation in which admittedly manj’- mediastinal lymph nodes that could be 
removed by the more extended pi-ocedure are left behind. Furthermore, there 
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is little question that certain lesions niiich n-oulcl be inoperable because of the 
involvement around the pulmonary vessels become, in truth, operable if one 
is willing to proceed with intrapericardial dissection. 

The extended operation has been carried out by many individuals as we 
as by ourselves without a significant increase in the risk of the operation. 
Our experience is relatively small; we have performed intrapericardial dis¬ 
section on the left side in only 18 cases. In this group, there have been no 
complications of any kind, save a single fatal one. In this case, the operation 
proceeded satisfactorily and the patient’s condition ivas good for about tivo 
hours after the operation, lilassive hemorrhage then occurred into the left 
side of the thorax, and at re-exploration we found the ligatures had become 
dislodged from the central end of the pulmonary artery. Bleeding was con¬ 
trolled hut the patient suffered such a prolonged period of cerebral anoxia 
that he succumbed within twenty-four hours. This complication was prob¬ 
ably the result of a technical error, the oceni'vence of which can he minimized 
by extreme care in the handling of the vessels. 


SUjniARY 

The advantages and technique of radical left pneumonectomy employing 
intrapericardial dissection of the vessels are presented. It is emphasized that 
by this technique a more radical resection of possible cancer-bearing tissue is 
effected. Furthermore, certain lesions which would he inoperable because of 
involvement around the pulmonary vessels become operable when intraperi- 
eardial dissection is employed. 
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RESPIRATORY ACIDOSIS DURING INTRATHORACIC SURGERY; 
THE (OVERHOLT) PRONE POSITION 

Benjamin E. Etsten, M.D. 

With the Technical Assistance of Anne C. JIesser, BA. 

Boston, Mass. 

R espiratory" acidosis as a complication of thoracic surgery was de¬ 
scribed as earlj'' as 1938 by Crafoord.^ Quantitative investigations in 
man bj^ several observers^* ® hai'e confirmed this earlier finding that a high 
arterial blood carbon dioxide tension frequentlj’^ occurs during intrathoracic 
pulmonary resection, but they are not in agreement as to the mechanisms that 
impede the excretion of carbon dioxide. Taylor and Roos’^ report that the 
diminished alveolar ventilation is caused by the depressant effect of ether 
anesthesia on the respiratory center. Gibbon and associates® state that the acido¬ 
sis is a result of inadequate pulmonai'y ventilation, caused by an open pneumo¬ 
thorax and not by the lateral position. Beecher and his associates" report that 
the accumulation of carbon dioxide in the blood during surgery of the open 
thorax is related to the position of the patient, and that the prone (Overholt) 
and supine positions are the most favorable for the excretion of carbon dioxide 
(unassisted respiration). 

It seemed that further studies might elucidate the causes of respiratory 
acidosis during thoracic surgery. If, as Beecher states, the prone position is 
the most favorable for the excretion of carbon dioxide during intrathoracic 
surgeiy, analj^sis of the variables that may disturb the acid-base balance dur¬ 
ing anesthesia and surgeiy would help clarify the mechanisms involved m 
producing high CO 2 tensions in the blood. In order to CAmluate fully the effect 
of the Overholt prone position on carbon dioxide excretion during pulmonary 
surgery, such variables as preoperative sedation, depth of ether anesthesia, 
change of position, opening of the pleural cavity, and pulmonaiy resection 
have been seriallj'- analyzed in this study. 

Factual data are presented to show that high carbon dioxide tension oc¬ 
curs in the prone position, with respiration neither assisted nor controlled. 
The open thorax and the depth of ether anesthesia are the two most important 
factors in producing a respiratoiy acidosis during pulmonary surgery. 


preoperative sedation, anesthetic techniques, and agents 
Sedation .—^All patients in this series received 0.1 Gm. pentobarbital sodium, 
subcutaneously, two hours before induction of anesthesia, and one hour later 
received morphine sulfate (or Demerol) plus scopolamine. The selection and 
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dosa-e of morpMne or Demerol varied accordiug to the patient's age, sex, and 
physical status. The dose of scopolamine vras 0.6 mg., morphine ranged from 
6 to 10 mg., and Demerol from 25 to 100 mg. 

A«gsrtesja.—Ether-oxygen vras the maintenance anesthetic agent. The 
patients mere dmded into Dvo groups, according to the depth of anesthesia: 
Group I, light-ether anesthesia; Group II, moderate-depth anesthesia. In 
Group I endotracheal intubation was performed under topical laryngotracheal 
5 per cent cocaine anesthesia. General anesthesia was induced inth a 2.5 per 
cent intravenous solution of Pentothal sodium after the patient was placed in 
the prone position. Anesthesia was maintained m a very light plane with 
ether and oxygen. Eyelid reflexes and eyeball movement were active through¬ 
out the procedure. The patient periodically reacted to painful stimuli by 
movement of legs or arms. In Group II. while the patient was in the supine 
position, general anesthesia was induced with nitrous oxide and oxygen and 
maintained with ether-oxygen. The muscular relaxation obtained permitted 
endotracheal intuhatiou and the patient was placed in the prone position. A 
moderate plane of the surgical stage of ether anesthesia was maintained 
throughout the operative procedure. 

Anesthesia Technique .—An imbedded Latex endotracheal tube with in¬ 
flatable cuff was connected in series with a to-and-fro iVaters’ canister and 
hag. The endotracheal balloon was inflated to obtain an airtight fit. The to- 
and-fro canister was filled with fresh Baraljnne in each case and changed 
every hour. Respirations were spontaneous throughout the entire anesthetic 
and surgical procedure aud the patient’s respiratory exchange was neither 
assisted nor controlled at any time. 

The depth of anesthesia of the patients in Group I is identified in Table 
I by the letter “L” and in Group II by the letter “D.” 

Position.—The patient was placed face-dowm on an Overholt-Compere 
table,® positioned so that the crest of the ilium was supported by the edge of 
the operating table and the chest by an adjustable pad placed at the eephalad 
third of the sternum. This allowed the chest cage to expand freely. The head 
was sirpported by a modified eerehellnr headrest. 


General Mefhods.—The acid-base efiuilibi-ium was studied in twenty-three 
patients. Twenty-two patients were anesthetized with ether; one patient had 
a pneumonectomy under paravertebral procaine 1 per cent ifioek with endo¬ 
tracheal oxygen. Ninety-six serial acid-base analyses were obtained 


Arterial blood samples were drawm in the followfng sequence • (1) before 
the adnumstration of the preoperative sedation. (2) sixty minutes after the 
admmstratlou of the preanesthetic sedation. (3) after the patient was placed 
in the prone position and anesthetized. (4) before the pleura was opened (5) 
af er he pleura was opened, before the lobe or lung had been removed 6 
after lobectomy or pneumonedomv with'the pleura still or.or> n ° 

coiielusiou of the operation. ^ ^ 
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Respiratory studies of the tidal exchange, respiratory rate, and respira¬ 
tory minute Amlume were obtained by connecting a balanced-type Benedict- 
Eoth spirometer directl 5 ^ to the endotracheal tube. Measurements were made 
with the patient in the supine and prone positions during the operative pro¬ 
cedure. 

One medical staff anesthetist administered the anesthesia to all patients 
studied dui’ing this investigation. All patients were operated on by one 
surgeon.*" 

Chemical Methods. —^Blood was drawn from the femoral artery before the 
administration of the preanesthetie medication. A Oournand needle was in¬ 
serted into the radial artery and taped to the wrist with adhesive plaster 
strips before induction of anesthesia. Arterial blood for oxygen and carbon 
dioxide determinations was collected by slightly heparinized syringes and 
transferred to oxalated tonometers over mereurj’'. Arterial blood for pH 
was collected under oil and centrifuged. The pH of the serum was determined 
b.v a Beckman model G glass electrode. This instrument was standardized 
before and after each determination with a standard buffer solution having a 
pH of 7.00. The pH was corrected for a temperature of 38° 0.^ 

The arterial oxygen content, oxygen capacity, and carbon dioxide con¬ 
tent determinations were made on 1 c.c. samples of whole blood by the method 
of Van Slyke and Neill. The Goldstein modification of the Van Slyke method 
was used when ether was present in the blood.'^ Carbon dioxide tension was 
calculated from the carbon dioxide content in volumes per cent, and pH value 
from the nomogram of Peters and Van Slyke.^® Values higher than could be 
read from the nomogram were calculated by the Henderson-Hasselbaleh equa¬ 
tion. Total CO 2 values in miJlimols per liter were read from the chart of 
Peters and Van Slyke.^^ The bicarbonate value of the plasma [(HC 03 ")p] 
calculated. The calculated data depend mainly on accurate determinations of 
the pH. In order to obtain accurate determinations within the narrowest 
margin of error, the analyses of blood gases and pH were all performed by 
one individual expertly trained in these techniques. 

RESULTS 

The composite data of the investigation are given in Table I. 

The effect of preoperative sedation on the arterial blood carbon dioxide 
and oxygen saturation is listed in Tables II and III. Analysis of these tables 
indicates that preoperative sedation in some instances may produce retention 
of carbon dioxide (see Table II). From Table III it can be seen that moderate 
doses of pentobarbital with morphine and scopolamine do not cause respira¬ 
tory acidosis in most patients. Statistical analysis of Table II shows that the 
T test for examination of the significance in differences in PCO 2 before and 
after sedation gives the value T — 4.44, with 7 degrees of freedom. This value 
is significant at the .01 significance level. In Table III the observation of 
the effect of sedation in eighteen patients reveals a correlation coefficient be¬ 
tween “time after sedation” and pCOz of -.27. This figure indicates that 


*Dr. Francis 'Woods. 
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Table II. Effect of Sedation 








SECOND 






— 


BEFORE 



SEDATION 


AFTER 


CASE 

AGE 1 

PHs 

38° c. 1 

pCOo 

(MM. HG) 

1 TOTAL 

1 CO, 

(niM/L.) 

1 0, 
SAT. 

! % 

M.S. 1 
(MG.) 1 

SCOP. 

(mg.) 

pH. 
38° c. 1 

1 pco. 

(MM. 

1 hg) I 

1 TOTAL 
CO, 

0, 

SAT. 

Cff- 

1 

2 

3 

4 

28 

28 

48 

48 

50 

56 

63 

7.45 

7.42 

7.43 
7.39 
7.30 
7.35 
7.41 

28 

34 

41 

19.8 

22.0 

27.1 

89 

97 

92 

8.1 

11.0 

11.0 

0.324 

0.432 

0.432 

7.19 

7.21 

7.31 

50 

52 

50 

19.5 

21.4 

24.7 

89 

95 

87 

5 

43 

25.6 

99 

11.0 

0.432 

7.31 

54 

27.0 

96 

0 

47 

22.9 

90 

11.0 

0.432 

7.21 

52 

21.3 

93 

7 

42 

23.5 

89 

8.1 

0.324 

7.31 

44 

22.3 

93 


45 

28.5 

92 

75.0 

0.324 

7.21 

66 

25.9 

90 

8 

75 

7.36 

46 

25.3 

91 

(Dem.) 

5.4 


7.23 

62 

26.0 

88 

Avg. 

49.5 

7.39 

40.7 

24.3 

92.4 

9.4 0.385 
(M.S.) 

7.25 

53.8 ' 

23.5 

91.4 


tieie may be a slight cleei'ease in CO^ tension with an increase in time. A 
confidence interval, based on all eighteen observations for the average of pCOs 
mm. Hg, is 41.8 — 52.6. These observations do not rule out the possibility that 
t ey have come from a series in ivhich the normal value for pC02 is 44 mm. Hg. 

The significance of this evaluation is that the depressant elfects of seda- 
tion on respiration are not predictable in patients with pulmonary lesions re¬ 
quiring thoracic surgery. These figures indicate that preoperative sedation 
with pentobarliital plus morphine and scopolamine can cause a intention of 
carbon dioxide in some patients. The postsedation values for arterial oxygen 
saturation were within a normal range. 


Table III. Effect or Sedation 


CASE 

AGE 

diagnosis 

SECOND 
SEDATION 1 

TIME 

AFTER 

SEDATION 

(MIN.) 

PHs 

38° c. 1 

^ pco, 

(MJ[. HG) 

TOTAL j 
1 CO, 

(mM/L.) 1 

0, 

SAT. % 

M.S. 

(MG.) 

SCOP. 

(MG.) 

1 

28 


Aneur 3 'sm lung 

8.1 

0.324 

60 

7.19 

50 

19.5 

89 

2 

28 


Tuberculosis 

11.0 

0.432 

60 

7.21 

52 

21.4 

95 

3 

48 


Bronchiectasis 

11.0 

0.432 

135 

7.31 

50 

24.7 

87 

4 

48 


Lipoma 

11.0 

0.432 

45 

7.31 

54 

27.0 

96 

5 

50 


Carcinoma 

11.0 

0.432 

60 

7.21 

52 

21.3 

93 

6 

56 


Carcinoma 

8.1 

0.324 

75 

7.31 

44 

22.3 

93 

7 

63 


Carcinoma 

75.0 

0.324 

65 

7.21 

66 

25.9 

90 





(Dem.) 






8 

75 


Carcinoma 

5.4 


60 

7.23 

62 

26.0 

88 

9 

20 


Tuberculosis 

11.0 

0.432 

75 

7.34 

50 

26.4 

96 

10 

36 


Granuloma 

50.0 

0.324 

75 

7.28 

52 

23.9 

86 





(Dem.) 







11 

43 

Bronchiectasis 

11.0 

0.432 

45 

7.39 

46 

27.4 

91 

12 

43 

Bronchiectasis 

8.1 0.324 

55 

7.42 

40 

25.7 

95 

13 

44 

Tuberculoma 

11.0 0.432 

75 

7.42 

40 

25.5 

98 

14 

51 

Carcinoma 

11.0 0.432 

85 

7.55 

22 

20.0 

91 

15 

54 

Adenoma 

8.1 0.432 

75 

7.40 

41 

25.0 

92 

16 

73 

Bronchiectasis 

4.0 0.324 

85 

7.50 

26 

20.5 

90 

17 

66 

Carcinoma 

35.0 0.324 

60 

7.30 

51 

25.1 

94 





(Dem.) 







18 

70 

Granuloma 

50.0 0.324 

80 

7.34 

52 

27.6 

95 




(Dem.) 








Avg. 49.8 9.3 0.360 69.4 7.328 47.2 24.1 92 

(M.S.) 
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ETSTEX: RESPIRATORY ACIDOSIS BERING IXTRATHOKACIC SURGERY 


Tabli: IV. Pr.oxE Position (Overhodt), Chest Closed 



Table IT shows the effect of the light and moderate surgical states of 
ether anesthesia on the arterial blood and pHs, carbon dioxide tension, and 
oxygen saturation, before opening the pleura, nith the patient in the prone 
position. Seven of the ten patients who were in the moderate surgical state 
of anesthesia had respiratoi-y acidosis; in Case 23. there was an elevated 
pCOj (92 mni. Hg) and a pH of T.OT—a severe respiratory acidosis. In the 
group of patients who were lightly anesthetized, the highest pCO^ was 62 mm. 
Hg, n-ith a pH of 7,20. 

Increasing the depth of ether anesthesia, with the patient in tlie prone 
position, evidently depre.sses effective alveolar ventilation as shoivn hv a re¬ 
tention of carbon dioxide. 

Analyses of the effects of lobectomy, pneumonectomy, and light and mod¬ 
erate surgical states of ether anesthesia on the excretion of carbon dioxide are 
shown in Tables V and VI. The observed diffei'cnee between the averase pCO- 

T.ible V. Pno.vE Position- (Ovehholt), Chest Open 
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Table VI. Prone Position (Ovekholt), Chest Open 


ether anesthesia, light 

1 ETHER ANESTHESIA, SURGICAL STAGE 

CASE 

a 

0 

ANESTHESIA 

(MIN.) 

CHEST OPEN 
(MIN.) 

d 

0 

00 

CO 

K 

a, 

0 

M 

d’ 

0 

P 4 

d'O 

< a 

S a 

0 W 

E-t 

d 

£0 

S 

« 

0 

< 

■n 

w 

h-i 

w Z 

W M 

Z Z 

< W- 

CHEST OPEN 
(hin.) 

d 

0 

CO 

CO 

M 

o' 

tM 

d' 

0 

do 

ii 

§ 

M 

d 

4 

48 

60 

5 

7.36 

43 

24.2 

100 

1 

28 

105 

35 

7.00 

82 

20.6 

81 

8 

75 

120 

95 

7.21 

60 

27.6 

90 

3 

48 

135 

55 

7.08 

109 

34.1 

79 

10 

36 

65 

25 

7.28 

50 

23.6 

88 

5 

50 

150 

105 

7.14 

72 

24.3 

90 

13 

44 

40 

10 

7.34 

48 

25.6 

— 

6 

56 

130 

40 

7.10 

76 

23.6 

96 

14 

51 

23 

13 

7.37 

45 

25.6 

96 

7 

63 

235 

85 

7.03 

115 

33.0 

100 

15 

54 

137 

89 

7.24 

52 

22.1 

91 

9 

20 

178 

128 

7.02 

83 

21.6 

93 

16 

73 

35 

10 

7.21 

56 

22.8 

87 

n 

43 

210 

122 

7.07 

97 

30.3 

98 

17 

66 

127 

92 

7.48 

33 

23.8 

97 

12 

43 

165 

102 

7.18 

66 

24.6 

94 

22 

43 

120 

70 

7.36 

35 

20.4 

83 

19 

67 

76 

16 

7.02 

114 

29.6 

78 









20 

59 

33 

18 

7.09 

86 

27.8 

— 









23 

60 

110 

35 

7.31 

57 

28.4 

83 

Avg. 

54 

81 

45 

7.32 

47 

23.9 

91.5 


49 

139 

67 

7.09 

87 

27.1 

89 


of 68 mm. Hg and pH of 7.15 for Jobeetomies, and the pCO? of 81 mm. Hg 
and pH of 7.16 for pneumonectomies, with pleura open, may well be due to 
mere sampling fluctuations. The observed difference between the average 
pCOz of 47 mm. Hg and pH of 7.32 for light anesthesia, and the average pCOj 
of 87 mm. Hg and pH of 7.09 for the moderate surgical state of anesthesia, 
with the pleura open, is highly significant. The variability of PCO 2 values was 
investigated by a two-waj' analysis of variance, based on the type of operative 
procedure and the deptli of anesthesia. Table VH is an analysis of the vari¬ 
ance. 




Table 

VII 



. 


1 SUM OF 


MEAN 


[ TABU- 

I p 1% 

SOURCE OF VARIATION 

1 SQUARES 

D.F. 

SQUARE 

F 

LA TED 5% 

Operation (lobectomy, 

131.56 

1 

131.56 

0.4 



pneumonectomy) 
Anesthesia (light, 

4998.56 

1 

4998.56 

16.0 

4.67 

9.07 

moderate) 

Interaction 

7.75 

1 

7.75 




Individuals 

4061. 

13 

312.4 



_ 


The F value for depth of anesthesia is highly significant, whereas the 
P value for operation is not significant. The T test for the difference of pCOs 
between the light and moderate states of anesthesia gives a value of T = 2.(6, 
with 16 degrees of freedom. This is significant at the .05 level. 

These figures are evidence that the decrease in excretion of carbon di¬ 
oxide (the state of respiratory acidosis) is as likely to occur during the pro¬ 
cedure of a lobectomy as it is during a pneumonectomy. The analysis of vari¬ 
ance demonstrates that during intrathoracic surgery in the jirone position, the 
more significant factor in causing respiratory acidosis is the depth of an¬ 
esthesia, and not the type of pulmonary resection. From Table VIII it can 
be seen that there was no significant change in the carbon dioxide tension after 
the patients were turned from the supine to the prone position. 


ETSTEX: 


RESPIRATORY ACIDOSIS DE'RIXG IXTRATHORACIC SURGERY' 
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Table ahtt pH axd pGO. Attee Exdotracheal Ixtubatiox 


..-- 

EFFECT OF SUPINE AND PRONE POSITIONS BEFOF.E ANESTHESIA 


srpixE 1 


PKOXE 

10 patients 

pH, 3S° C. i pCO. (MM. HG) 1 

pH. 3S“ 

c. ] pCO; (MAI. HG) 

Averatre 

7.41 36 

7.41 

32 

EFFECT OF SUPINE AXD PHONE POSITIONS DUPUNG ETHER 

anesthesia 


SUPIXE 

1 PROXE 

16 PATIENTS 

pH. 3S° C. 1 pC(E (AIM. HG) 

1 pH. 38° 

C. ! pCO; (MM. HG) 

Average 

7.24 64 

7.27 

58 


Further analysis does not indicate any relation betiveen the length of time 
the pleura is open and the excretion of carbon dioxide. The course of the CO; 
tension in eight representative intrathoracie procedures is shoAvn in Fig. 1, 
from n-hich it is apparent that the length of time the pleura remains open has 
no hearing on the CO; tension. Fig. 2 shows the lack of correlation between 
the length of time the pleura remains open and CO; tension during twenty- 
three uitrathoracic procedures. 


THORACIC SURGERY 



Fig. 1. 


Pig. 


P*r* I-—Tile figure show.*i tliat time had no 
'vas open (eiglit reprc.<=entative intrathoracie prwedures)? arterial pCO: while the pleura 


Table IX shows that in twentv-three cases the owoe c o 
during ether anesthesia for loheetomv or pneumoneet'nu 

range oi variation (-O.S to ^.4 mTl'per literl T ' ^ normal 

m-M pel htei). Li several patients the fixed 


296 


THE JOURNAL OP THORACIC SURGERY 


Table IX. Acid-Base Equilibkiuji, Prone Position 


1 

i 

pn. 

38° c. 

pco, 

(MM. 
HO) i 

TOTAIi 

COj 

(mM/L,) 

(HCO,-) 

(mM/L.) 

i 

HGB. 

(GM./ 

100) 


(HCOV) 

COR- 

! EECTED 
TO 

1 pH 7.4 

1 FIXED 
ACIB 

1 (mil/i,.) 

Ether Anesthesia, Light 

Preoperative 

7.36 

44.4 

23.8 

22.8 

13.5 

27.1 

21.2 


(supine) 









Chest closed 

7.33 

45.5 

23.5 

22.1 

12.8 

26.2 

20.3 

-0.8 

Chest open 

7.32 

47.0 

23.9 

22.6 

13.5 

27.2 

20.4 

-0.9 

Ether Anesthesia, Surgical Stage 

Preoperative 

7.30 

50.0 

24.5 

23.0 

13.5 

25.0 

20.4 


(supine) 









Chest closed 

7.22 

65.0 

25.5 

23.5 

13.5 

27.2 

18.7 

-1.7 

Chest open 

7.09 

87.0 

27.1 

24.5 

13.7 

27.4 

16.0 

-4.4 


acids were elevated. This occurred in a few patients who had slight eleva¬ 
tions of CO 2 tensions. In other instances, where the COj tensions were ex¬ 
tremely high, the fixed acids were not elevated. 


DI.SCUSSION 

The results of this study show that the Overholt prone position does not 
aid in the excretion of carbon dioxide during thoracic surgery. Preoperative 
sedation, depth of ether anesthesia, and an open pneumothorax are the prin¬ 
cipal factors that maj^ cause a retention of carbon dioxide tension in the ar¬ 
terial blood. It is recognized that there are other factors in addition to these 
that may produce an increase in alveolar carbon dioxide tension and a fall m 
pH during thoracic surgeiy. Among these are ligation of a bronchus previous 
to ligation of the pulmonary vessels, an open bronchus during lobectomy 01 
pneumonectomy, circulation of blood through inadequately A'entilated^ pul¬ 
monary tissue, impairment of pulmonary and sj'stemic circulation, and dimin¬ 
ished blood flow through the lung. When these causes are corrected, the 
carbon dioxide tension is maintained at the pre-existing level, dependent on 
the depth of anesthesia. 

The arterial carbon dioxide tension is considered to equal the mean of the 
entire range of alveolar carbon dioxide pressure existing in different parts of 
the lung and at different movements in the ventilatoiy cycle.'- The increase 
in arterial PCO 2 during intrathoracic surgeiy can be attributed to decreasec 
alveolar ventilation and to the mixing of blood that has passed through in¬ 
adequately ventilated alveoli ivith blood that has passed through the well- 
ventilated lung. The face-down position is not an aid to the ventilation of the 
lung exposed to atmospheric pressui'e during the course of thoracic surgery. 
The exposed lung can be considered functionless; it acts only as a reservoh 
for venous blood having a high carbon dioxide tension. When pneumonectomy 
or lobectomy is performed, the increase in carbon dioxide tension is most 
likely due to a deficiency in the respiratory ventilating meehanisins. 

The opening of the pleura impairs the bellows action of the muscles of 
respiration. Respiratory studies^ demonstrate that an open pleura (see Pig. 3) 
reduces the effective tidal volume and alveolar ventilation. Respirations 



ETSTEX : 


297 


respiratory acidosis during ixtrathoracic surgery 

decrease in amplitude but increase in rate. The resultant increase in lespiia- 
tory minute Yolume does not, hou'ever, improve the effective tidal exchange. 
Although the prone position favors an increase in diaphragmatic excursions, 
the increase is not sufficient to aid the excretion of caibon dioxide. 

The respiratory-stimulant action of ether and the reflex surgical stimu¬ 
lation in the light stage of anesthesia can cause an increase in effective tidal 
volume and respiratory minute volume. In our series, the group that mas 
lightly anesthetized mith ether had respiratory rates ranging from 40 to 50 
per minute during surgery. "Whether a respiratory rate of this magnitude is 
physiologically sound is questionable because of the increased mork of breath¬ 
ing and exaggerated excursions of the muscle mall, diaphragm, and mediastinum. 
Surely, excessive respiratory movements must impede a meticulous surgical 
dissection mithin the thorax. 


M.H. ^ 43 
PRONE 


R.M.L (OVERHOLT) PRONE POSITION 
Et Oz ANESTHESIA 


PLEURA 
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------ - - — 






• M !'! 

— — — 

•1, ‘t. »* ^ 
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I. 

T.V.- 370 cc 
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3. 

276 cc 
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4. 

210 cc 
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5. 
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-Spiropram shows the c3ecrc.a.se in effective ver,niof.„ i • 

P^iuon. lobectomy in the prone 

Comparison of the arterial blood carbon dioxide levels in t), 
patteuts lightly anesthetized and in the group in the La u I 
esthesia demonstrates that it is the depth of etlie, o ””^ 1 ' surgical an- 

can he postulated that in the moderate state nf m ^ dioxide. It 

old of the respiratorv center h elevated -iiul 1 anesthesia the thresh- 

hieul stimuli. 11 i. evident that a sev'ere riffinW 

eie.spnatoij acidosis may occur during 
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lobectomy as well as during pneumonectomy. The ejfective respiratory minute 
volume and effective alveolar ventilation are not increased during the surgical 
state of ether anesthesia when the chest is open. Serial blood gas determina¬ 
tions taken when the pleura ivas open indicate that the carbon dioxide reten¬ 
tion does not increase with time. Analyses of these values are shown in Mgs. 

an 2. Since the alveolar carbon dioxide tension is inversely proportional 
to a veolar ventilation,^^ it follows that the factors that impair alveolar ventila- 
tion aie lesponsible for an elevated pCOj. If the level of anesthesia is main¬ 
tained throiighout, then the time the pleura is open need not be considered, 
t is lecognized that frequent arterial blood determinations are necessary in 
oidei to plot the complete course of the alveolar pCOj and correlate it with 
the etiological factors. A single determination in a single patient, taken when 
the pleura is open, does not permit a true evaluation. Neither does a com- 
paiison of the effect of time in a group of patients, based on single determina¬ 
tions, shoAV any positive correlation. 

In this study, the arterial oxygen saturation remained within normal 
limits after preoperative sedation. This finding is in contrast to a reported® 
average of 88 per cent oxygen saturation of arterial blood after sedation in pa¬ 
tients for thoi'acic surgery; it may be that large doses of depressant drugs 
were used for premedieation, or blood determinations were taken at the height 
of the depressant effects of the drugs. 

The arterial blood oxygen saturation was within a normal range in all 
but two patients during surgeiw. The patient in Case 1 had a pulmonary 
arteriovenous aneurysm, and the respired high oxygen atmosphere did not 
alter the preoperative arterial oxygen saturation level. The prone position 
had no influence on the arterial oxy’^gen saturation, in either the nonanesthe- 
tized or anesthetized state. Sixteen minutes after the pleura was opened the 
patient in Case 7 had an arterial oxygen saturation of 78 per cent, pH of 7.02, 
and PCO 2 of 114 mm, Hg. The lowered arterial oxygen saturation was most 
likely due to a decrease in alveolar Amntilation precipitated by^ the opening 
of the pleura. 


SmiJlARY AND CONCLUSIONS 

This has been an evaluation of the etiological factors in respiratoiy acido¬ 
sis dui’ing thoracic surgeryx It has been demonstrated that the prone 
(Overholt) position does not prevent an increase in carbon dioxide tension 
during either lobectomy or pneumonectomy. 

Dangerously high levels of carbon dioxide tension were encountered when 
the hemithorax was open and the patients .allowed to breathe spontaneously' 
during ether anesthesia. A lowering of the pH and increase in carbon dioxide 
tension occurred during the surgical state of ether anesthesia, wdth the pa¬ 
tients in the prone position. 

Analysis of the effect of lobectomy, pneumonectomy, depth of ether an¬ 
esthesia, and duration of operation reveals the follondng: (1) An increase in 
cai’bon dioxide tension may' occur with the same frequency' and severity' during 
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lobectomy as during pueumouectomy, and (2) the severity of the respiratory 
acidosis is not a factor of time hut is a factor of the depth of ether anesthesia 
during intrathoracic sui’gery. 

Statistical analysis -was made by Dr. Gottfried E. jfvoetber, Associate Professor of 
ilatbematics (Statistical Division), Boston Dniversity College of Liberal Arts, Boston. 
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lobectomy as well as during pneumonectomy. The effective respiratory minute 
volume and effective alveolar ventilation are not increased during the surgical 
state of ether anesthesia when the chest is open. Serial blood gas determina- 
tmns taken when the pleura was open indicate that the carbon dioxide reten¬ 
tion does not increase with time. Analyses of these values are shown in Figs. 

anc 2. Since the alveolar earbou dioxide tension is inversely proportional 
to a veolar ventilation/^ it follows that the factors that impair alveolar ventila- 
tion aie lesponsible for an elevated PCO 2 . If the level of anesthesia is main- 
tamed throughout, then the time the pleura is open need not be considered, 
t is recognized that frequent arterial blood determinations are necessary in 
01 er to plot the complete course of the alveolar PCO 2 and correlate it with 
the etiological factors. A single determination in a single patient, taken when 
the pleura is open, does not permit a true evaluation. Neither does a com¬ 
parison of the effect of time in a group of patients, based on single determina¬ 
tions, show any positive correlation. 

In this study, the arterial oxj’'gen saturation remained within normal 
limits after preoperative sedation. This finding is in contrast to a reported® 
average of 88 per cent oxygen saturation of arterial blood after sedation in pa¬ 
tients for thoracic surgery; it may be that large doses of depressant drugs 
were used for premedieation, or blood determinations were taken at the height 
of the depressant effects of the drugs. 

The arterial blood oxygeii saturation was within a normal range in all 
but two patients during surgery. The patient in Case 1 had a pulmonary 
arteriovenous aneurysm, and the respired high oxygen atmosphere did not 
alter the preoperative arterial oxygen saturation level. The prone position 
had no influence on the arterial oxygen saturation, in either the nonanesthe- 
tized or anesthetized state. Sixteen minutes after the pleura was opened the 
patient in Case 7 had an arterial oxygen saturation of 78 per cent, pH of 7.02, 
and PCO 2 of 114 mm, Hg. The lowered arterial oxygen saturation was most 
likely due to a decrease in alveolar ventilation precipitated b_y the opening 
of the pleura. 


SUJIMARY and conclusions 

This has been an evaluation of the etiological factors in respiratoiy acido¬ 
sis during thoracic surgery. It has been demonstrated that the prone 
(Overholt) position does not prevent an increase in carbon dioxide tension 
during either lobectomy or pneumonectomy. 

Dangerously high levels of carbon dioxide tension were encountered when 
the hemithorax was open and the patients .allowed to breathe spontaneously 
during ether anesthesia. A lowering of the pH and increase in carbon dioxide 
tension occurred during the surgical state of ether anesthesia, with the pa¬ 
tients in the prone position. 

Analysis of the effect of lobectomy, pneumonectomy, depth of ether an¬ 
esthesia, and duration of operation reveals the following: (1) An increase in 
carbon dioxide tension maj^ occur with the same frequencj^ and severity during 
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lobectomy as during pneumonectomy; and (2) tlie severity of tlie respiratory 
acidosis is not a factor of time but is a factor of tbe depth of ether anesthesia 
during intrathoracic surgery. 

Statistical analysis -svas made by Dr. Gottfried E. Noether, Associate Professor of 
Mathematics (Statistical Division), Boston University College of Liberal Arts, Boston. 
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A MODIFIED THORACOTOMY TECHNIQUE FOR THE 
PREVENTION OF POSTOPERATIVE PAIN AND DEFORMITY 

jMilton Sills Lloyd, M.D.,^- akd Hugh Baebeb, 

New Y'ork, N. Y. 


O perations upon the thoracic caiuty may be divided into two groups: 

those which require collapse of the chest wall, and those which do not. 
Collapse may be considered neeessaiy in the resectional treatment of pul- 
monaiy tuberculosis or to prevent mediastinal shift when the hemithorax is 
left empty. Otherwise, the resection of ribs is generally done to obtain ex¬ 
posure. In our work, we have felt that removal of a rib increases the diffi¬ 
culty of obtaining airtight closure and often results in a groove in the chest 
wall along the axis of the resected rib. The importance of this featiue was 
brought forcibly to our attention when a jmung woman threatened a ma 
pi’actiee suit for a bad cosmetic result, although she admitted that the opeia 
tion had cured her of bronchiectasis. 

In addition, we have been led by our results to believe that, where theie 
is a poor alignment of sectioned ribs and/or excessive movements of the an 
terior segments, a large callous formation may ensue. If the posterior end o 
the intercostal nerve becomes entangled in this callus, it may cause the a 6 
development of disabling pain. Pour of our patients required the operatne 
liberation of the nerve trunk for relief of pain six to eighteen months a ei 
resection. These operations -were only partially successful. 

The standard procedure for posterolateral thoracotomy wms laid own 
as long ago as 1925 by Lilienthal.* Later work, particularly by Overholt and 
Langer,2 and Klassen,^ shows that the search for improvement is continuous. 
Unfortunately, some of the refinements which yield an improvement in resu s 
are paid for at a cost of increased operating time. In our ivork, many me i 
ods—those described by the foregoing authors, as well as drilling an i 
agonal cutting, followed by wiring—^ivere tried and abandoned before 

simple method to be described %vas developed. , , ■ -j a hv 

It seemed rational to assume that chest deformitj^ could be avoi e 
conserving, as nearly normal as possible, both the substance and ° 

the ribs. It also seemed logical to expect that postoperative lixa ion 
ribs in good position would prevent, to a large extent, the produc ion 


cessive callus. thoracotomy technique described here accom- 

pbshes these purposes. In all illustrations, the patient is m the face- o 
position. 

?Associate°A«ending:, Thoracic Surgery and Bronchoscopy, French Hospital. 
••Assistant Attending Surgeon, French Hospital. 
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TECHNIQUE 

An incision is made, beginning at a point halfway between the fourth 
dorsal spine and the scapular border, and carried in a curved sweep around 
the normal position of the angle of the scapula to a point represented by the 
intersection of the sixth intercostal space and the anterior axillary line. All 
structures doivn to the muscles are divided throughout the entire length of 
this incision. Towels are sutured to the fascia along the margins of the 



wound. The muscles are then divided from thp - 

0 a point represented by the inteiseetion of the in”' incision 

the nuda.xillary line. From this point the interdi f l .space and 

•bssected away from the external surJaoe « then 

ce ot about one inch on either .side The in attachments for a 

- '"'"“^nersuriaces of these muscles 
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are next freed from their attachments to the sixth and seventh ribs for a dis¬ 
tance of about two inches (Pig. 1). In this maneuver, the surgeon should 
avoid separation of the fused muscle bundles from each other or perforation 
of the thin museulomembranoiis wall from the inside. Segments, one centi¬ 
meter in length, are removed subperiosteally from the fifth, sixth, and seventh 



MSI- 

Fig’. 2 .—Semidiagrammatic drawing of the closed thorax, showing the following. 

I. Anterior end of skin incision. 

II. Sectioned fifth, sixth, and seventh ribs. 

III. Sectioned anterior end of sixth rib, 

ly. Pericostal suture incorporating interdigitations of anterior serratus and external 
abdominal obliaue muscles (shown in outline). 

y. Suspension suture from fourth rib supporting free ends of fifth, sixth and seventh 
ribs. 

yi. Pericostal sutures to approximate intercostal muscles in sixth interspace. 

yil. Aponeurosis of iliocostalis muscle (outline) tacked down by interrupted sutures to 
intercostal muscles. 

VIII. Intercostal suture line. This becomes airtight without sutures. 

The drawing shows the right side of the chest, with the patient in the face-down posi¬ 


tion. 
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ribs posterior to the on.te. Care ™st be taben not >0 J-P “O™ 

“'Tbfr„::“e“"n“t;s 

the sLxth intocostta sp^^ce.^ K the 

p"^rnds oi the xibs h. .ea.s 

Sion on the intercostal struetnres as the mersion advances. The filth 



Fi;:. 3.—Reproduction of x-ray picture of left upper lunp field three months postoperative. 
The suspension suture has. apparently, become enveloped in osteoblastic cells. The sixth and 
seventh ribs arc in srood position, althoufrh the fifth rib is held sUghtlv too high. There is 
little evidence of callous formation. 


intercostal vessels are tied and cut. The corresponding nerves are cut, but 
not included in the tie. Rib spreaders arc then inserted and opened to about 
four inches. Adequate exposure is provided to approach the sixth rib from 
the inside and a segment is resected through the parietal pleura opposite the 
end of the skin incision, taking care to liberate completely the proximal end 
of the rib from all attachments. This may require an extension of the inter¬ 
costal incision. 


The rib spreader is removed. The fioatiiig sixth rib is elevated and 
placed above the fifth rib. After replacement of the spreader, a good ex¬ 
posure IS easily obtained. “ 



